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One of the serious problems. faced with by the young (established in 

1978) Statistical office in Zanzibar has been the shortage of trained 
Ihanmower, especially. at the middle:-level. This has affected its work both 
quantitatively end qualitatively. |.We-have been caught in the viscious 

circle of low level of training of the manpower resultina in difficulties 

_ of getting them trained in the available regional training institutes which 
“in turn results in their low level. 


It was in this context that when the UNvPA Deputy Representative at 
Dar Fs-Salaam and the Regional Adviser from the Population Division of ECA 
visited Zanzibar in August 1982 that a reauest for assistance for training 
of middie level statistical manpower in demographic and social statistics 
was bréached. Statistical clerks working in the ministries of health, 
education, manvower and planning needed training to carry out their respon- 
sibilities more efficiently. Their response was quick and vositive and the 
_broposal took shase in the form of the trainina workshop for 6 weeks starting 
5 April 1983 with 16 participants ( 5 from the Mainland and 11 from Zanzibar). 


The course outline was prepared to reflect our needs and covers the 
various aspects of data needs, data collection, compilation, presentation, 
evaluation, analvsis, interpretation and utilisation. The method of 
presentation of the materials was deliberately made practice oriented and 
illustrated methods particularly using Tanzanian data where ever possible, 
Discussion groups, seminars, field visits, etc., formed part of the programme 
in addition to formal lectures and laboratory exercise. 


It was felt that the vresentation of the edited version of the materials 
utilised in the training workshop will not only benefit those in Tanzania 
but also those in other countries faced with similar manpower situations. 


We are thankful to the UNDP Dar-Es-Salaam and especially to Ms. Wilma 
Gopnel, UNFPA deputy representative but for whose enthusiasm and interest 
this workshon would not have taken off the ground. To the UNECA, Addis Ababa 
and varticularly to Dr. K.V. Ramachandran we are indebted for preparing the 
outline and time schedule of the course and taking on a lions share of the 
teaching programme. The Regional Institute for Population Studies, Ghana 
and especially Dr. A.F. Arvee was involved from tho very early stages of the 
preparatory work of the programme and we are obliged for their cooperation 


and help. 


A training programme of the nature we had organised needs the expertise 
of several persons and we are indeed lucky that we could draw on nda cectabapdisn 
the CSO in Dar-es-Salaam and Zanzibar, the University of Dar~es-Salaam, UNECA 
and other international agencies. Since they are ma A is difficult to 
mention them individually. A list of all the persons who assisted with the 
workshop is provided in the programme outline. 

To the Ministry of Planning and particularly the Minister i aes 
(Planning) Zanzibar and colleagues at CSO (Dar-es-Salaam and ZanZibar) we owe 


debt of gratitude for cooveration and assistance. We are also thankful to 
s swahili and Foreign Languages for readily making 


i tor, Institute of Kis : 
ants Aust e Loe for lectures /seminars/laboratory/assembly rooms 
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have been impossible to carry out the workshon successfully 

without adequate number of calculating machines. We take this opportunity 

to’thank the East African Statistical Training Centre and especially Mr. Muba, 
Acting Director for not only providing these machines but also taking active 

part in the training programme. The cooperation of Ministries in sponsoring 
candidates for the training for such a long period is very much appreciated. 

We hope that the time spent by their officers would result in wider experiences, 
more efficiency and their better utilisation in their work. To the participants 

we are thankful for their interest and active participation in the various : 
activities which were crowded into the short period of 6 weeks. 


It would 


Finallv we take this opportunity to thank the United Nations Fund for s} 4 


Population Activities for funding the workshop and thus investing in our 


developmental activities. 


Zanzibar | | at Sa ALLI ATHMANI 
7 May 1983 . : COURSE DIRECTOR 
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PREFACE 


In this workbook are presented an edited and condensed version of all 
the materials given at the six week middle level inservice training workshop 
on demography and social statistics, Zanzibar-United Republic of Tanzania. 

Itt tries to cover the most important aspects of data collection, preparation, 
presentation, evaluation, analysis, interpretation and utilisation. In so far 
is feasible, technical details have been omitted<the focus being to make 
available to middle level statistical clerks in developing countries some of 
the methods which may enable them to analyse data. 


Several persons participated in the workshop and the various sections 
were prepared by them as per an outline detailed in the next few pages. 
ProfessorsMaro, Miay, Namfua and Sembajwe from the University of Dar-es-Salaam; 
Mr. Muba from the East African Statistical Training Programme, Dar-es-Salaam; 
Messrs. Maimu, Mbharuku, Ngallaba and Uiso from the Central Bureau of Statistics, 
Dar-es-Salaam; Messrs. Athmani and Msellem from the Statistics Office in 
Zanzibar; Mr. Noah, Ministry of Education and Mr. Tenende, Ministry of Planning, 
Dar-es-Salaam; Mr. Blankert, Ministry of Health, Zanzibar; Dr. Aryee, Regional 
Institute for Population Studies, Accra-Ghana; and Messrs. Banda, Ekanem and 
Ramachandran, Population Division of Economic Commission for Africa, Addis Ababa- 
Ethiovia took part in the training programme. 


Illustrations and examples are taken from the censuses of Tanzania espe- 
cially the latest one of 1978. Since the holding of the workshop, the analytical 
report of the 1978 census of Tanzania has been published as Volume VIII of the 
census. A wealth of information is available in this publication and the reader 
interested in more details is referred to this important source. 


This being a purely teaching material with no claim for originality, ideas 
and materials have been liberally borrowed from the existing text books, manuals, 
monographs and other publications. We acknowledge indebtedness to these sources. 


Attempt has been made to cover the subjects in as thorough a fashion as 
necessary within the constraints of space and level of presentation. Since 
similar training programmes may be mounted in other parts of the continent, 
it is hoped that this publication would serve as a guide. Any comments, sugges~ 
tions or criticisms would be gratefully accepted in order to improve similar 
presentations based on future experiences. 


Addis Ababa -K.V. Ramachandran 
Dated : 9 November 1983 Editor and Programme Coordinator 
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1. INTRODUCTION 
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1.1. | STATISTICAL SITUATION IN To. ZANTA: NEFD FOR DATA AYD TRATNINC - 
‘ISTORICAL PERSPECTIVE: | 


‘ Crganized Statistical services covering Tancanvike, Kenya and 
Uganda have existed since 19th July, 1926 when the Statistical Section of 
the East African Covernors Conference was inaugurated to form the first 
statistical office. The unit was to centralize Statistical Crganization 
and: its function was said. to.be, “to collect statistics gracually, on 
the same method tirouchout the territories ané to tabulate and commare the 


». results so that true inferences con be drawn.” 2. "Quarterly fulletin" 


was first published in 1927 and continued for four years.. After a sus- 
pension durina the depression, on lst January, 1948 an Last African Stati- 
| stical Nenartment was estallishecd as a scheduled service of the Nast 
African Ligh Commission its function being tc institute genera? statis- 
tical services ‘throughout tre territeries. It was to ensure commarabi-~ 
lity of data and sitiilarity in timing and coverage of surveys. A 
territorial sul-office for Tanganvika was set up in Par es Salaam in 
1949 followec by a new section termed the Tanganyika Development section 
created in 1°52 to be financed kv Tancanvika Covernment. The first 
Statistical act can he traced back to Acril, 194° when the Central. 

- Jegislative Assombly gave powers to the Pirector of the [ast African 

- Statistical Nepartment to collect statistics on most economic subjects 
once the consents of the Administrator of the Hich Conmissicn and the 
Central Legislative Assenblv have keen obtained. From lst duly 1956 
the Fast African Statistical Nenartment fac Five units, i.e. the three 
territorial units headed by Deputy Covernment Statisticians, the fast 
African unit heaced by the Denuty Directcr anc the Statistical Acviser 
vho Cirected the statistical orqanization and acvised the Fast African 

- Covernments anc. the Fast African Nich Commission. 


With the indepencence of Tanganyika, the East African Statistical 
Department slit uo and territorial Units taken away to form the 
nucleii of sevarate statistical offices of the three Fast African 
Covermments. “he statistics Act Cap 5 of the Laws of the Righ Conmission 
was amended by Act No.2 of 1961 which transferred to the governments of 
the three territories many of the subjects listed in the oricinal schedule. 
The East African Statistical Department remained covering specifically 
ast African Statistics such as intematicnal trade (because of customs 
union), finance (because of Vast #frican currency Roard) , and the 
co-ordination of information on an fast African basis (because of 
existence of Fast African Common Services Organization later to Le the 
vast Bfrican Community). The department died with the death of the East 


African Community in 1977. 


The Statistical Ordinance of 1°61 estaklished the Statistical 
Service of Tanganyika from lst July, 1961. The Statistics  ivision 
was renamed the Central Bureau of £tatistics with a strencth of 35 members; 


cure 


a — 


hesdec bv “overrmment Statistician In Establis! ment Circular number 8 
ACC : i 4-5 he hd famine 


of 1967 the Covermment nublishec its plan to centralize all covernment 
statistical services and to ~rovice a schere of service for stetisticians 
to ensure a vell staffec efficient service. sy October 1968 the Central 
Pureau of Statistics had a staff of 114 erolovees cividec into © sections 
corresnorsiinc to main branches of Statistics headed Ixy Professional 
Statisticians. The princinal statistical »neriodicals producec were the 
Annual Statistical Abstract anc the i’onthly Statistical Pulletin. 


STZOISTICAL, ACTIVITIES: ; : 


(a). Demecraphy 


3 . > . ' : ; . * = 

If we are to go by written records, nonulaticn statistics , 
seems to have the oldest record. “The oldest population court or a 
census recordec for Tanzania was in 1°10 when African and MNon-African % 


population was counted in Zanzibar. The first record for 
Tanganyil-a was the ropulation estimate made in 1913. [elev isa 
takle giving a surmary of activities in this Held: " 


Table 1. eat OF PAST FINDS RATICUS IN TEE APF2 OF 
UITEED REPUBLIC CF TANGANIA 1910- S key fe 


Year of ~ Tanganvika Zanzibar | 
Enumeration : “ 
African Mon-African PErican” Non-?frican 
| - ie: 
EE ec wa RG “ey nee (a) 1 Comrie ay q 
oo Sn Estimate | Estimate ie 7 | 3 
(ii) (43) eae - 
AS21202  o2o ose Count. Census ae Census (Apr.) 
1924 ses ceo coo bs aes = Count : ‘ 
| (Mar-May) ne ee 
1928 ceo oee 1. ee Count _ on aye = 
fee... --... cbGoome a oe 
| * (Mar-June) | Census | Count (ax) | Count (Yar) ‘ 
Ete ven... 2s. + | Cones Census | : : Census (Feb) 
| a (ug) | (Feb) i 
PIES ccs oe Partial Census 
Census (Feb) 
(Fes) . 
1957 Dieth és « or Census Census 7 
| (2ug) tS) r= 


Sa rf es 
Se = Census (Mar) 


BPGPwes eo. , 


- Census (Auc.) 
ra) 
1°73 eoe ece ce°8 Demoqranhic Survey 
oe aM 
ye Census (Auq.) 


Sources Consus Reports 1921-78 


Notes: (i) includes Mafia Island 
(41) includes Mwenda end Purundi weef3 
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_ . For details of these activities the reader is referre” to the 
original census reports. ‘There seems to have heen an achievement in 
being able to conduct a population count exercise once in a Gecade. 
Methodology applied changed with the times. The 1°73 National Democranhic 
Survey covering Tanzania Mainland only was directed partly at conceptual 
and methodological. refinements in the context of cata collection, vro- 
vision of intercensul results and also studied the immact of mode of life 
on fertility and mortality. . 


In addition to the srecific population census and survey renorts, 
democraphic data were also include@ in such periodicals as Monthly 
(later changed to Quarterly) Statistical Bulletins an@ annually in the 
Annual Statistical Abstract. The Annual Ferorts of the Pegistrar General 
gave data on births and deaths. An ac-hoc survey on deaths, live 
births, still births anc vregnancies was undertaken for all households 
in zones of !komazi, Valley, Mamba anc Taveta/Kileo of Tanzania Mainland 
for the period 1962-6. iigration’ statistics was usually included in 
the Monthly Statistical Bulletins and the Annual £tatistical Abstracts. 


(b) ilational Accounts 


In 1955 the “Tanganyika Gross Domestic Product" was pub 
dished as a report of the Poyal Commission on East Africa. The 
bihliography of the 1°77-79 Statistical Abstract shows that this 
fiele has heen well covered. The Statistical Service is vell 
reoresented in the list of publications. [espite some gaps and 
time laq in publication, the period 1963-1980 is well covered. 
‘The field has the advanicge of its data having to be included in 
the Background to the Budget/economic survey which has got to 
come out just before the b.dget every year: and has heen up-to- 
date from 1955,°56 financial vear to-date. The apnearance of data 
on national accounts in Quarterly Bulletins and Annual Statistical 
Abstracts depenceé on the publication of these two publications. 


(c) ‘rade Statistic: 


Internal trade is one of the fields which seems to have heen 
neglected by the Statistical Service. The only publication by 
the statistical service on this is the “survey of histributive 
Trace, Dar es: Salazza 1970". Ctherwise to have information on the 
subject one has to resort to various administrative records such 
as local councils and revenue offices, co-operative movements , 
Marketing Boards, Crop Authorities, State Trading Corporation , 
Zoard of Internal Trade; anc the Peqistrar Ceneral of Comnanies. 
‘These sources lack Statistical data collection methodology and 
analysis technicues. 


On the International trade front the situation is a bit better. 
The Fast African Customs and Excise Nepartment nublished ‘onthly 
and Annual Trade Rerorts covering interstate (between Fast ‘meas 
countries) and international (hetween East Africa and the Rest of 
the World) trade. The Fast African Statistical Department analysed 
these data and published them in the “last African Fconomic and _ 
Statistical Review". With the break up of the Fast *frican Dormunity 


coeff 
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in 1977, the Customs and Excise Department of the Treasury 
assumec the resnonsibility of the F.A. Customs and Excise Depart 
ment. There is a problem of time lag in publication. 


' (a) = Aericultural Statistics 


For the collection of primary date, the Statistical service 
has conducted large scale commercial farming in 1960, 1962, anc 
1964: a sample survey in 1966 anc the Agricultural Census as of 
1950, 1960 and 1871/72. Othermsise wost of the data appearing from 
the various publications are compilation of data collected mainly 
by Divisions of the ifinistry.of Agriculture. This Ministry nas a 
Statistical Unit but the unit leaves a lot to be desired. Frere 
seems to ke little co-orcination between Statistical Service and 
this unit. “he statistical Service has little influence in the 
manner the data is collected or analysec. The Ministry produces a 
Monthly Statistical Bulletin of its on. 


AD 


(e) Industrial Statistics 


With some gaps, this field has been covered by the Statistical 
Service hetween 1958 and 1978 through the surveys of industrial 
preduction. Efforts to have annual surveys failed only during 
1959-60, 1962-64, 1975-73 and 1979 to-date. However there were 
censuses of industrial production in 1958 and 1978. 


(£) Labour Statistics 


The coverage of this field hy the statistical service snans 
the period 1961-1978; through the annual survey of employment and 
earnings. The Organization of Tanzania Workers, the only Trace 
Union, Annual Reports. of the Lakour Division and National Provident 
Pune are imnortant acministrative sources of data on this fiele. 


(g) Social Statistics 


The Statistical Cervice depends on the Statistical units of 
the Ministries. of Feaith anc Feucation for Gata on these areas. 
In addition to statistical publications by these Ministries, the 
service include the data in its periodicals the annual Statistical Abstract. 


The Central Statistical Bureau however bears the resvonsibility 
of conducting Household Budget Surveys which also collect Gata in ~ 
these subjects. setween 1956/57 and 1966 these surveys covered 
either certain urban areas or small chosen areas. It was in 196° 
that a national survey was undertalen. The last one was undertaken 
in 1976 but its rerorts are yet to ke published. 


(h) Prices Statistics 
"Prices and Price Index Numbers for Eighteen Towns in 


_ Tanzania" has Leen sublished annually from 1968/69; 19° ee 
gaps for 71/72, 74/75 anc 76/77. : /693 1977/79: with 


rey fe) 


(i) WMiscellancous Statistic 


In addition to the fields mentioned above, there have been 
Other pul! cottons such as Penort on Tourism Stat tistics in Tanzania 
for years 1962, 69 and 70 and a Perort on airport Tourism survev in 
196E ky the areal of ftatistics | 


(j) Periodicals 


AS indicated above, the Bureau of Statistics produces two 
periodicals, the wonthiy later chanced to Quarterly Bulletin and 
the annual Statistical Ahstract. After being nublished reqularly 
in the sixties, the publication of the Abstract stopped in 1973. 
The latest publication covers 1972-79, thich has just core out. 


‘ORSERVATICNS 


From the number. of publications aera it can he observec that 
the statistical service. has heen activ. nifferences in timeliness and 
number of publications between, ‘sect ions OF the Stetistical Service and 
between pericds of time indicate that the service was more active in 
some sections than others and during scme time periods than others. 
While in some fields the statistical service was active in collecting 
primary data, in others it relied on secondary cata. 


There should have been no harm in using secondary data if the 
service monitored or co-ordinated the Cata collection activities of the 
organs from which it cot the seconeary “ata. hen there 1s no control, 
one may not he sure of the ouality ané commarability of the Cata, nor 
can one oo the regularity Of the availabil ity of the data. The 
spirit of the Establishment Circular nurber 8 of 1967 of the Covernrent 
seems to have Cied somewhere between 1967 and now, ‘There seem to he no 
centralization of the State, service, “here statistical units have 
been set-up, administrators have had a Giscretion of chosing to make 
them either independent from the service or to Link it to the service. 
In some cases administrators have not Kno nm the alteratives available. 


Pmonast the prokleme facing the st: atistical service is the short- 
age of manpower. Of the 247 Pye tisticians anc Statistical Officers 
recuired, only 73 are there. This hes been partly because of the 
inadequacy of the terms and conditions of service of the Statistical 
Service. “ot many people have orted to join the service. Also once in 
the service, the morale is low. Partly it is also because of the inade~ 
quacy of training programmes. Yor mainland, 332 need to he trained 
between 1631/82 and 196 o/ol. Tue outmut of the training institutions has 
not matched the demand of the Statistical Service. But given training 
oportunities, individuals have got to be attracted to take such trainina 
and ensuring that after Mie fi , the service they join is attractive for 


them to remain. 


Tt would arcear that in roth the cases, government goocwill is the 
key to the success of the statistical service, Training institutions are 


seef? 
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availalle, what remains is their utilization. The Easter African 
Statistical Training Centre, the University of Dar es Salaam anc 

Makerere University are training institutions et the disposal of the 
gcvernment. Slight adjustments in governmentpriorities could enable the 
Rureau to have the needed ecuinment to keep it runninc anc produce the 
essential data required. 


CCNCLUSION 


Since the Statistical Ordinance 1361 entrusts the resronsibility 3f 
heading the statistical service to the Coverment Statistician, his 
observation in 1980/1 of the situation of the service woul make the best 
summarv. “At the pres:nt time the Central Bureau of Statistics does not 
have the capability to collect anc comile all the needed statistical 
information. “hat more, even the processing capabilities of the collec- ¢ 
ted material are strongly restrictec and this results in the wice time 
gap between the moment of collection of the data anc the moment of their 
publication. The resources (manpower and equipment) available are not 
adecuate. This situation, incidentally, is not new, in ‘act things have 
been this wav for a number of years. The level of statistical produc 
tion has fallen over the years since the early seventies and this have 
Given rise to suggestions of establishing and strencthenino the statis- 
tical units in ministries and other public institutions. Fowever, ve 
feel that the role of the Sureau should be strencthened in order to 
wicen the scone of its «1m statistical production and to enable it to 
co-ordinate and supervise efficiently the statistical work of other 
institutions”. 


TLE STATISTICAL SITUATION IN TANZANIA MAT LAND 
The Meed for Statistical Information 


In Tanzania, just like in arv other country, planning and nolicy 
mal:ing at covernment and cornorate level are based on statistical as 
well as other information. the lac’: of wizick can rencer such an immortant 
task almost impossible. The need for Statistical information for the 
Planning and management of the national econorv manifest itself in the 
neavy cemancd placed on the Central Pureau of Statistics (CPS). 


. In the vast, planning and decision making in Tanzania have been » 
hased on scanty and sometimes inaccurate statistical information, as a 
result of which planning has not talen all the relevant factors into 
- account to make our national plans as comprehensive as they should other- 
_Wise.be. Jlioreover, due to the past poor statistical base. the country’s : 
Mlen implementation machinery hae not been as satisfactorily sound as to 
allow for speedy plan monitoring and evaluation, 


the neec for statistical information to facilitate well informec deci- 
Sion making at this crucial pericd in our post--incenendcense economic 
history is not only the more irportant and obvious ‘art also extrarely 
“undamental to the whole olanning process. . 


“ath the current ummrecedented economic problems facina Tanzania, 
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It is on this background that this paner examines, albeit briefly, 
the statistical situation in Tanzania Mainland. First, we look at the 
_ Statistical organ’ zation with the Certral Bureau of Statistics at the 
centre. Secondly, the paner looks at the statistical legislation that 
provides the legal framework for the collection, compilation, analysis 
and publication of statistical information and related matters. Thirdly, 
a review of past statistical performance is given to see how best or 
poorly the CES has been meeting the challenge of statistical orceduction 
to satisfy the growing demand for various statistics. The naner also 
will take a look at the present position to see what improvemerts and/or 
innovations are being made. In the last part we examine future plans 
that are intended to develop the various statistical series as well as. 
the infrastructure. 


STATISTICAL ORCANIZATICH" 


The Statistical service in Tanzania Mainland consists of the Central 
Bureau of Statistics at the centre and several statistical units attached 
_ to ministries and other public institutions. Among these units - all 
of which deal with sectoral statistics ~ are: the Research and Statis- 
tics of the Bank of Tanzania, the Statistical Units in the ministries of 
Agriculture, Natural Pesources and Tourism, National Education and 
Fealth, and the Statistics Unit in the Custams anc Fxcise Nepartment. 
Statistical data are also collected by institutions other than those 
mentioned above as part of their general acministrative functions. | 
However, such cata are, to a large extent, neither tabulated nor published. 


The main duty of the Central Bureau of Statistics is to collect, 
compile, end oublish statistical end related information relating to 
economic, social anc cultural activities anc. concitions of the people. 
It also collaborates with other public institutions in collecting, 
compiling and publishing statistical information. 


The Central Bureau of Statistics consists of the head office and 
twenty regional offices. It is headed by the Government Statistician 
assisted by eight Assistant Government Statisticians. At the head 
office statistical work is organized under eight sections, each of _ 
which is headed by an Assistant Covernment Statistician. These sections 
are: (i) Population and Tourism Statistics; (11) Labour anc. Price 
Statistics; (iii) National Accounts Statistics; (iv) Agricultural 
Statistics; (v) Industrial Statistics; (vi) Trade and Transport 
Statistics: (vii) Sample Surveys; (viii) Statistical Services. 

These sections with the exception of the last two deal with the collec= 
tion of statistical Gata in their respective areas. The main duty of 
the Regional Statistical Offices is the collection of statistical data 
which are eventually sent to the head office for analysis. 


STATISTICAL LEGISLATION 


The legal framework for the collection, compilation, analysis and 
publication of statistical information and related matters is provided 
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for uncer the Statistics (Ordinance No.33) of 1961, and is amended from 
time to time. 


Imalicitly in the Statistics Oreinance, and in practice, the 
cute tat service in Tanzania !’ainland is a centralized one with the 
Br controlling all statistical activities. The major advantage of this 
system is the better use of limited statistical 1.sources. It is import 
ant to add that it is a centralized statistical service with some flex- 

ibility in the sense that other government ministries/denartments and other 
organizations continue collecting and analysing certain statistics 

under their respective areas of competence. Thus, the Central Pureau of 
Statistics has the added responsibility of co-ordinating all the statis- 
tical activities undertaken by those statistical agencies/units. . There- 
fore the effectiveness of the CBS derives from the Statistics Ordinance 

of 1961 uncer which it still operates. . 


REVIEW OF PAST ORATIST ‘ICAL PERFOR! ANCE: 


| “ith increasing economic and social activity, the inter-relationshinrs 

between various sectors of the national economy become more and more 
complex, and it hecomes necessary for policy makers to have well analysed 
an? presented statistical information at their disnosal in orcer to 
visualize the implications of various nolicy ontions. In an atterrt to 
meet this challenge, the CoS has over the nast two decades (the 1960s 
and 1970s) , endeavoured to sustain, improve ard expand the statistical 
. base and statistical information svstem in ceneral with a view to meeting 

the country's short-, medium- and long-term socio-economic planning 


. During this period the major sources of statistics have beer the ~ 
following surveys undertaken by the Central Bureau of Statistics: 
(i) The 1967 Population Census; (ii). The 1969 Household Budeet Survey 
(EBS); (iii) Agricultural Census of Tanzania, 1971/72; (iv) National 
Demographic: EARVEY of Tanzania - 1973; (v) ‘The 1976 /77 Fousehold Budget 
Survey; .(vi) The 1978 Population Census: (vii) The 1°75 Industrial 
Census. Various small scale survevs Limited in scove, coverage and. 
purnose shave also heen undertaken Curing the neriod. 

Oeeanttc many setbacks and problems encountered durine the past two 


decades, the CES has. nevertheless game its overations with some degree 
of success, 


_..'The 1967 Population Census was Published in six volumes: 
Volume 1 = Statistics for enaretich Areas , 
Volume 2 ~- Statistics for Urban Areas ,°* 
Volume 3 - - Demograrhic Statistics, 
Volume 4 - Foonomic Statistics, 
Volume 5 = Census lethodoloay, 
Volume 6 ~ The Population of Tanzania’ An Analysis 
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The 19692 Household Bucget Survey was published in three volumes: 
Volume l - Income and Consumption; Volume 2 - Housing conditions ané 
Volume 3 = Retail Prices. 


The Agricultural Census of Tanzania ~ 1971/72 was one of the most 
problematic of surveys ever uncertaken, so much so that the results were 
publishec almost after ten years. They are in three volumes: Volume 1 - 
Peasant Farming; Volume 2 - Large Scale Farming ané@ Volume 3 - Summary of 
Peasant and Large Scale Farming. : 


The 1973 National: Demographic Survey of Tanzania was published in 
six volumes: Volume 1 ~ Regional and National Data; Volume 2 - Data for 
Scclo-Economic Groups; Volume 3 - Summary Data for Survey Cluster; 
Volume 4 ~ The iethods Report; Volume 5 - Training Manual and Volume 6 - 
an Analvsis of the 1973 National Demographic Survey of Tanzania. However, 
Since then no other demographic survey has been carried out. 


_ oe date no volume has been published on the 1976/77 Househol i 
Budget Survey. “evertheless, the CSS has issued a paper on the Listing 
of Households for the 1976/77 Household Budget Survey relating to Cash | 
Income anc Household Size mainly for internal use. ‘his state of affairs 
reflects vividly: more than anything else the poor data processing capa- ; 
city of the Central Bureau of Statistics. 


_ As regards the 1°78 Population Census, all the data processing has 
been completed. So’ far census volumes that have been published are: 


Volume I. = Methodology Report, - 
Volume II = Population by Age and Sex for Villages/Wards and 
Urban Areas, 

Volume III ~ Census Geographic Work, 

Volume IV. ~ A Summary of Selected Statistics, 

Volume V_ Fertility and Mortality Pata for Rural and 
‘Urban. Areas of Fegions, 

Volume VI. -~ Private Househol¢s and Housing Characteristics 

Volume VII - Dasic Demographic and Socio-Economic characteristics. 


The last Volume VIII on "Population of Tanzania: 1978" was published in 
September 1933. ) . 


The processing of the 1973 Industrial Census is still in progress. 
Until now two volumes on the census have been issued. These are: 
Industrial Census (1978) Volume 1 - Directory of Industries, 197°, 
1Ci member Industrial Establishments and Volume 2 ~ Directory of Industries 
1979, 5 ~ 9 masher Establishments. 


Thus, the Central Bureau of Statistics has been fairly successful 
in its onerations during the past two decades, given the limited resources 
(manpower, equiyments etc.) at its disposal . 


PRESENT STATISTICA, POSITION 


At the present time the Central Dureau of Statistics does not have 
the capability to collect and compile all the needed statistical informa: 
tion. The resources available are not adequate. ‘his situation 
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incidentally is not new. In fact things have keen this wav for a number 
of vearse an’ narticularly so during the seventies When the level of Stat~- 


istical production fell considerably. 


However , since late 1°80 the Crs have been given a new team of 
managers consistine of the Covernment Statistician and Assistant Covern~ 
ment. Stati oticd ane. With the new leacershiv, the Trajor nre- occuration 
of the CES since: then has heen to update all the major publications 
issued by it. The current situation is very encouraging. lost of the 
major publications including the Statistical Abstract, 1973-1579 have 
heen issuec and others 2re due for publication an*time from now. 


THE FUTURE . 


, Ve are avare that the need for statistical information does not 
qo kand ir, hane with tre level of a country's Gevelonment anc that a 
developine country must use relatively more funds in Cata collection and 
analysis than a developed country. Sut the cost involved is unavoidable 
Since Cecision making is not casv or even possible without ac-cuate and 
relevant statistical infcrmation. Planning without adecuate and 
relevant statistics is just like aviding a ship without the renefit of a 
compass: and the consecuences are not much different. 3 
From this awareness,the Central read Ors Be intice has worked out 

‘a -lono-term procrarme to build um the statistical infrastructure and _ 
improve the various statistical series. The major objective is to ensure 
that the statis ics =roducec by the Bureau are acecuate, consistent, 
timely anc! relevant. 


The ten year prograrme is in tym narts: - the first deals with 
problems related to the infrastructure of the CFS and the seconc part 
deals with proklems connected to the statistical series (adecuacy, time- 
liness, consistency, etc.). These issucs are very much related: for 
improverents in the infrastructure in mos st cases lead to irprovements in 
_ the statis ‘tical product. 


In building us the infrastructure. the following are consic = in 
terms of merbers and probable costs: 


(i) Nanrower reouirements and training 
(ii) Ecuipments vihich include: 


(a) transnort ecuinrent 

(b) data processinc ecuipment including calculators | 
(c) printing anc related ecuinment 

(ca) | weighine scales . 

(e) camping ecuiprents 


“tthe Dies nmedatiie proklem is heina so] ved, > ae 
ie least terrorarily. by makis 
extensions to the CRS heacouarters buileina, . 


CONCLUSION 


It is clear that if the statistical D 
| rocrarme prorosec hy the 
Central Pureau of Statistics is satis sfactorily implementec , then a 
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bricht new charter will have heer written in the history of Statistical 
Cevelorment in Tanzania Mainland. Corresrpondingly, the CBS will he 
richtlv looked unon to live up to its expectations in satis*vine the 
growine Gemanc for statistics. 4 


THE STAT TZ TIS SLICAL LL SITUATION Nm ZANZTBAR 
As we all know for any sound plennine and nolicy formulation the 
role nlaved bv | Statistics is extremelv important. In the case of Zanzibar 
the great demand for § ‘tatistical information became evident Curing the ~ 
preparation of the first nost incenendence thrée vears Development plan 
which took off in 1978. The present Statistica] Department was therefore 
establishec in July 1978 vith the following points of reference: 


(i) TO cormplile, anelyse an¢ oublish all economic anc social 
statistics. a4 


(ii) To co-ordinate the statistical services which are hein 
“carried out by the statistical agencies like - Féucation, 
Realth, Agriculture, Finance, Natural YeSOUKCEeS , Genertment 
of migration, customs, incore tax, etc. 


(i172) To educate ail those who are concerne¢ on the importance of 
anc use’ of Statistics. 


(iv) To introcuce a legislation which will empower the Denartment 
to collect the various statistics recuired. 


The Ctatistical pena enet ~ Zanzibar although it is only four 
year old has managed to meét the challenge for which it was formec and 
in doing sc it has been able to kring out some statistical series as 
well as the development of the institutional structure. 


The Organization of the Derartrent 


The Denartment of Statistics - Zanzibar performs the central 
statistical service role’ OE co-ordinates with some €tatistical units 
which are attachec to the dni stries, departments and parastatals. 


The Fead of the Statistical Demartment is the Director of 
Statistics who is assistec by three Heac* of Sections who» are senior 


stasticians. The three sections are: 


(i) Statistical Development Section which is charged with the 
carrying out of censuses anc surveys. 


(ii) Statistical Production section ~ this is the largest section 
' of the three and it consists of 6 units namely: is 
(a) Agricultural statistics unit; § (b) Incustrial statistics; 
(c) Trade and Transport statistics unit; (¢) Labour and 
Employment anc. Price statistics unit; (e) Population unit; and 
_(£) National Accounts unit. 


Statistical Services fection - con: sists of two Units which are 
Docu and Information and Data Processinc. 
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There is also a Statistical Office in Pemba whose responsibility 
is to collect all the statistics certainina to Perba Islanc and send 
them to Lead Office Zanziar. 


STPTISTICAL LEGISLATIC! 


Te Statistics are collected nuncer the Zanzibar Revolutionary 
Council Decree Mo.7 of 197°. This decree is based on the amendment of 
the statistical ordinance No.33 of 1961 used in the Mainlanc so that it 
can also be applied to Zanzibar. 


TOPE DONE. SO FAR 


The Statistical Department has managed to carry out three main 
Survevs/Census during this period. These are: The Population Census 
whick, was carried out in collaboration with the CES in 197$. The vroces- 
sinc of these data has been carried out on the Mainland and the number 
of nublications already completed have heen incluced in the statistical 
situation of mainland. | ae 


(i) The Industrial Cenrus ~ also this has been taken in collabo- 
- ration with CBF and the reference pericd was 1°79. It 
covered establishrents engaging 5 or more people. 


(ii) “he household Pudger Survey 1982 is the first such survey to 
be carried in the Lslands: Data collection has heen completed 
anc the analysis for housing conditions is readv except for 
income and consumption which will have to ke processed at the ~ 
CBS through the carmuter. — ; a 


However, there are other surveys heing carried out reqularly. 
The Fmployment and Earning Survey is taken annually. Wo vul:lication 
has been compiled yet on this survey Fut some of the data on this 
subject can be found in the Statistical Abstract, Zanzikar. The Annual 
Survey of Incustrial Production has keen carried out since 1978 and - 
cublished upto 1981. The other survey concerns the public enterprises, 
the statistics of which are publishec in the "Analysis of Public Fnter- 
Prices". So far two such publications have been printed:one for 
1978 and the other 1979-81. Besides the above survey publications the 
denartment has brought out the statistical Abstract Volures I anc II, 
and the National Accounts of Zanzibar. 


Although there have been some achievements, the denartment is still 


faced with a number of problems which will have to he solved for the 
efficient running. 


As explained earlier the Cenartment is only four years old 
prohably the youngest in Africa ~- so it is faced with acute trained man- 
power practically in each field of statistics. To solve this there isa 
statistical training procrarmne for the rersonnel . 
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pene At the moment there are no computer facilities within Zanzibar so 
cit. is recormended at least to have a small type of camouter (desi) to 
start with which could handle the small volume of statistical data. 


Like any other Statistical Cepartment there is the problem of trans- 
port equirment anc other equipments (like calculators etc.). This will 
-take time to solve as the country is faced with worst economic conditions. 


On the shortage of office acccmmodation which has prevailed for 
sometime now the Ministry of State (Planning) which is the paren: Ministry 
ofthe demartment is on an exnansion rrogranme of the office building and 
it is hoped this will helm to some extent in solving this problem. ~ 


In conclusion I would like to say that with those existinc 
‘constraints the department have lived to the expectations for which it 
was created. At least there are some statistics;what remains is to 
improve them 0 that they can helm the »lanners in their efforts to draw 
sound and reliatie plans which will facilitate well informed decision makin . 


(1.2 PURPOSE, HISTORY..AND SCOPR OF DEVOCRAPEIC AMD SOCIO-ECONCLIC DATA 


_,. The. history of the development of the systematic collection, study 
and analvsis .of population cata as a distinct field of study can 
conveniently be divided insco four main periods. There is firstly, the 
period Gating back from recordec history up to the time of the Enalishman 
John Graunt (1662). There is secondly, the reriod from the time of 
John Graunt up to the advant of reqular census taking (around 1800). 
This period also produced Malthus whose writincs on population made a 
profound impact on the study of populaticn phenomena. There is thirdly, 
the neriod of census taking (i.e. the early part of this century | 
(1920-25)), and lastly the modern era when the most siqnificant cevelop~ 
ments in ropulation analysis have taken place. — 


Fach of these periods marks a Cistinctive stage in the develonment 
of our state of knowledge concerning population and its interrelationship 
with other nhenomena. 7 ea 


The first period is distinquished by the absence of any “systematic 
attempts to study population phenomena. Varicus philosophers, historians, 
geographers etc. did write or conmmertton various aspects of population | 
phenomena. ‘iters such as Plato, Aristotle, Ibn Khalcoun, Confucius 
all made some very perceptive corments about population anc its incers. 
relationship or implications for political ‘organization, food sipoly, __ 
social life etc. But these writings were very largely speculative, —~ 
and lacked many empirical or scientific basis. It is not surorisi ag 
therefore that until the 17th century, there was no word in any Furopean 
language for population as a concept. It was not until 1¢12 that.an — 
English philosopher first use¢ the tem as a distinct concept, and it ~ 
was not till 1955 that the term ‘cemography’ was coined by the Pelgian, 
A Guillar’ in his book "Flements of human or population statistics”. 


Jobn Graunt inaugurated a whole new era in the scientific stucy of 
nopulation phenomena with the pul lication of his book, the 
oe /is 
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"Watural and Politicel Observations Mace Upon the Fills of Mortality” in 
1662.' Gr raunt’ a imoortant work was follewed by several others such as 
etty. Gregory King anc Sussmilch. Malthus’ important essay on 
also came out in 179° ‘ 


: --Theush some censuses 3 were carried out in many countries befcre the 
end of the seventeenth century, regular or periodic censuses really 

started at the enc of the 18th century. They begain in 1790 in the 

United States, and in 1801 in hoth France and England. Thereafter 

census taking requ larly eat to all parts of Furope an¢ even the colonies. 


The rore systematic ety of ponulation phenomena usina various 
mathematical tools or models starte€ vith two important nublications in 
the 1929s. ‘the first was the oublication of Carr-Saunder's “The Popula- 
tion Problem - A Study in Evolution” in 1922, and the seccnd was the 
publication of totka's “On.the true rate of natural increase as exemp- 

. lified by the Uniteé States” in 1925. ‘The first book arqued strongly’ 

. for an interdisciplinary approach to the study of population chenomena 

and hence marized the beyinnincof the social science annroach to the 

study of population. The secone on the other hanc, demonstrated the need 

for the develorment of statistical models, or techniques for the study 

Of population, and. therefore roth in one sense provide the foundation on 
which modem : Sopulation stucy is basec. ‘The interest generated hy all 

these develorment: nts leé to the First Worlc Population Conference held in 

_ Geneva in, 1227, followed ty the foundins of the IUSSP in 1928 


PE OF DEMOGRAPHIC DAE. . 7 ae 
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Our pcrimery aim in the ves sLlection Of demographic data is ‘to. answer 
““bhree basic questions. T° re. ‘First question relates to the size of. the. 
population itself, whethe:. it is growinc, Ceclininc, stable and. the 


causes, significance, imr Lications or consequences for this size or rate 
of growth. 


‘The second cuestion relates to the varieties and catecories of . 
“people four'd in’ the population and how these differ from those " in other 
populations. These characteristics relate to differences in age, sex, 
Marital status, sconanic activity etc. The third major cuestion relates 
to the distribution of the population or where people are located,. and 
ths ‘Feasons, lnplicatiors or consequences for such distribution. 


‘The questions listed above can be answerec by looking. at five - p 
major Cemogqravhic processes tal- cing place within the ponylation.. mite 
are fertility, mortality, migration, nuptiality and social mabey. 


eS understand these demographic processes tinted 
| : y, it is also 
“Necessary to study the social characteristics of the population such, as 
ecucation, liter acy, etnicity, religion, housing conditions. 


Let 
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1.3 USES. AND TPCHTANCE OF CFIMOCRAPHIC | C DATA 


The uses and amplications of Gemograrhic and socio-economic data 
vary with the needs of the various users - government, Isusiness, public 
and Private organizations, the society, the community and even the 
indivicuel citizen. ef. 3 


Rhy far, aqovernment is the targa consumer of these data and one 


of the most immortant use the covernrent has for tre informetion is for 


planning. In dcevelopins countries with “Umited time anc resources (men 
anc materials) it is important that there be a rational utilization of 
available resources. Since planning involves evaluation of past and. 
current situation, performance, cemand, utilization, attainment and 
chance etc and aprojection cf these into the future the lercger the 


-arount of information available anc the better its cuantity, the rore 


aporooriate the planning can ke. 


_ The basic data needed are ropulation size, structure, composition, 
location, cistribution, Gynamics and other characteristics because 
posulation is not only the producer and consumer cf aoods and services 
and reproduces future cenerations, it is central in the planning process. 


These information are aisc useful for the business men and others 


“4 to. plan for their activities. 


Anotier important function o%f the data is to enable the formula- 


'-, tion of policies which: will accomplish the goals cf national cevelopment 
“as envisaced in the plans by identifying current and future needs of 


various sectors. of the population for services, opportuni tles, amenities 
an? facilities, to establish priorities and take action programmes and 
evaluate the orogress of the procranme. 


.Demoqravhic and socio-econamic data also are useful in the carry~ 
ing out of administration and implementing policies anc clans. 


Ponmulation is, one of the rest important resource of a country. Its 
development and fuller utilization benefits the nation, the society and 


the indivicual . 


The size of a pomulation indicates the macnitude of the human 
resources and cetermines population density and the relation between 
availehle resources and votentiality for producticn and consummtion of 
qoocs and services and is a determinant of the reproductive canacity. 


Since production, consumption and reproduction and a whole host of 
attitudes, hehaviour and practices are determined by ade anc sex of the 
individual, it is essential to have informmetion on population structure 
also in addition to size. Several socio~ economic characteristics like 
education, econamic activity, marital status, family formation, etc 
impinge on the individual anc the society and have important ramifica- 
tions on the quality of the population. Hence, it is immerative that 
in addition to age and sex and size of the population, we also have 
information on population composition in respect of characteristics which 


have relevance in particular contests. na 


The geogranhic location of a population coulc he the cause AP 
consecuence of several factors nct the least important of which ce se 
be climate, ‘vecetation and man made artifacts like location of in ~_ P 
etucetioint, recreational and other facilities anc soon. Allied 
concentration of population is the problem of population dispersal. . 3 
For effective planning anc policy makinc it is essential to have in‘. mma 
tion on the snatial aspect of a population. 


Populations grow or decline throuch the cyner tic of births, cCeaths 
and migration. These determine and are determined by the other charact- 
eristics of tie population litte the ace - sex, marital status, level of 
ecucation, econcmic activity, svatial Gistribution anc sc on. 


Thus we note that a study of population is complete only when not 
only the size but the cuality, distribution and chance are also ir cluded 
and all these information are needed for plannes and policy makaB to estimate 
the tvoes and quantum of social, econemic and other programmes needec' “ 

For example, the provision of health services require information on the 
size of the pooulation anc their location. In accition, since the needs 
vary from one age to another and differ ity sex, we also need the age - 
sex Cistribution. One of the important factors in health service need 

and utilization is the level of morbieity. For example, the number of 
hospital beds, doctors and other health aids needec: would be determined 
by the incidence and tyres of Giseases ané cisabilities in the population. 
The demand ané utilization may. on the other hand, be determined bv socio- 
economic, qeographic and osvchological factors. 


Again provision of educaticn is determined by ace - sex cistribution 
of a pooulation, the e-ttituces, aspirations and varticivations which in 
turn are effected by sccio-economic and spatial aspects. The types of 
education will be Getermined ty the socio cultural environrent and the 
Mlans for a - 


This s is true of economic activity and participation in the prodc- 
tion and consumption of coocs and services. 


As &@ i matter of east Semocranhic anc secio-econemic data are 
central requirements in any planning and nolicy formulation exercise and 
with limited time and resources become very important for rational 
decision ee 


es DETA COLLECT IOr: 
-2.1.. SOURCES OF STATISTICAL DAT? 
Introduction 


the raw materials for a statistical activity are the statistical 
data. Amongst the functions of a statistician is tO procure the raw 
‘materials to be able to produce statistics. The exercise of data collec 
tion takes a statistician to various fields of study ranging from pure 


science, social sciences and other fields of stucy. They are all related 
in that they affect the ponulation. e ik 


ae 
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Types of data 


Statistical data can be classified into three major categories. 
Econanic Statistics which cover the econamic asnects of peoples life, and 
include basically statistics on production, distribution, consumption, 
incomes employment and prices. On the other hand, Social statistics 
cover social aspects of the conditions of life and werk of populations, 
and are concerned with the status and changes in status of various popu- 
lation groups in regard to such factors as occupation, earings, housing, 
education, health, recreation, family life, community activities, 


cultural activities and interests and by extension of social life, justice 


and crime. Ceographical or spatial aspects are yet another category. 
Data Collection Agents 


: (a) Government. We have seen that statistical data cover various 
_aspects of life. For a long time now, people livine in societies have 
entrusted the responsibility of taking care of the interests of the society 
to systems of organizations called sovernments. Governments are supposed 
to ensure the internal and external security, national economic ard social 
development, public welfare and social justice. Government has been given 
not ‘only the responsibility but also the power and the means to do these. 
Since Government would need statistics to facilitate its administrative 
operations and to monitor the efficiency of th se operations as well as 
to evaluate ¢-d reformulate its policies, it is only right to expect the 
Govermment to collect the needec statistics. 


A good amount cf statistics woule crise as a ky-procuct.of administ- 
trative onerations such as: FPegistration of births, deaths, marriages 
“and divorces leading to vital statistics. Registration or licensing of 
business undertakings produce basic frame of economic institutions. 
Control and regulation of the functioning of such economic institutions 
lead to the accumulation of pertinent operational statistics, which 
selectively produce related national aggregates. Direct develonmental 


---aetivities in transport and communication, health, education and other 


welfare measures lead to statistics in these fields. Most Covermmental 
activities are associated with relevant revenue earning measures and 
they intend to ensure good coverage. But sometimes they omit non-_ 
governmental sections. Statistics collected hy Government as part of 
their administrative activities, are often fairly available in concerned 
Ministerial or Departmental Reports. 


A goverrment statistical service is established to ensure that 
data collection fulfil the basic statistical principles. It would 
supervise and co-ordinate the data collection activities of other 
government institutions to ensure that data produced meet acceptable 
-gtandards in tems of coverage, comparability and quality. A synootic 
picture of usually the whole statistical information (together with 
indications of primary sources) is included in the Annual Statistical 
abstract. This serves as a basic reference for information over time 
and indicates broadly the nature, classification and presentation of 
available information. 
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Government Statistical service or other government departments — 
conduct, from time to time, according to need and usage, svecial statis- 
tical encuiries. Decennial Population Censuses, Periodic Censuses of 
Manufacturers, Surveys of Farm Production, Employment and Earning 
Survevs and Fousehold Budget Surveys are examples of such enquiries. 
Results are published in related renorts. 


(b) Business and Other Economic Organizations. For efficient man- 
agement, most economic organizations ~ public and private * need to keep 
statistical records, These records may pertain to production, sales, 
supplies, personnel, financing of undertalings and costs of products . 
Occasionaly, large scale undertakings make special studies regarding 
consumer opinions, sales patterns, market demand, plant utilization, 
labour supply, labour absenteeism and so on. These records may or may 
not be published in appropriate summary forms but they constitute an 
imrortant basic source of econcmic statistics. These summary informa~ 
tion arising from these sources became available in large comnany‘s 
Annual Reports. In any case the salient »arts of this information flows 
into the Government in fulfilment of Government controlling and/or regu- 
latory enactments. : 


Ay (c) Research Studies or Investigations. National or international 
individuals or bodies carry out research studies t6 dive adcitional 

_ information or interpretation from new angles. Such bodies as Universities 

_. and the National Scientific Research Council are examples of this group. 


In developing countries this group is not very large. 


~ Data Collection Methods 


(a) Census. Statistically, primary data may be collected by 
observing all units that qualify to be included in the population. This 
» Method aims at having complete information free from sampling errors 
but costs involved and deqree of non-sampling errors which are difficult 
to evaluate make such enormous exercises unnecessary. _ 


ih (6) Sample Surveys. . Statistical methods have shown that information 
about a population can be obtained by observing only part of the population 
instead. of the whole. This reduces non-sampling errors though. it. 

_ introduces sampling errors. Sampling errors can be determined and pre- 

» €1sions and reliability of results improved. One has a choice among 

Many sampling schemes to suit the circumstances. _ - Pose 


_» (c) Registration. As an administrative process, recording of 
events as they take place is one way of collecting information. Such 
activities as registration of births, deaths, Marriages, companies etc. 
18 a good method of data collection, if good coverage is achieved, 


(a) Other Administrative Pecords. Administrative records mai n- 
tained by the administrations of organizations for. their own day to day 
_ Operations such as accounting records, operational activities and so on 
can be a good source of Statistical data. : | 
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Conclusion 


Data collection is the first and most important process in the 
production of statistics. We have seen that various agents collect 
data for various objectives - statistical and non-statistical. We have 
also ‘seen that various methods of Gata collection are used. The quality 
and reliability of statistical data preduced would devend on the way the 
agent collectei the data and on the objectives of collecting the data. 


2.2 DEFINITION OF A POPULATION 


‘The main objective of any census is to count and record the personal 
characteristics. of all the persons living within its territorial borders 
at a specified time. How successful a census is therefore devends on 
the following considerations: firstly that all persons within the terri~ 
torial boundaries are accurately accounted for, and secondly that some 
persons are not counted more than once for one reason or the other. — 


Censuses are undertaken by governments mainly for planninc purposes, 
and effective planning is done not only for the aggregate or total 
population but more importantly for its sub-units such as districts, . 
regions and localities and for seqménts like infants, children, women, 
ola persons, etc. [ae | 


The method used in enumerating or counting or "defining" th 
ponulation determines to a large extent how accurate the information is 
and also how far the data collected can he used for the type of regional 
and segmental planning mentioned above. The two main methods cf | 
defining the population to be. counted are the ‘De facto" method and the 

"De jure’ method. rece 


Te-facto method: The ‘de facto' method aims to count and record 
particulars of all persons who were in the dwelling, Nese, or area at a 
specified time, e.g. census night. This method, sometimes referred to 
as the "place where found at time of census" or “nresent~in-area” 
method, implies that the census is taken with reference to a particular 
time or period usually referred to'as census night. This means that even 
if the census lasts for a neriod of two weeks, the information collected 
on all persons should relate only to the areas, or houses or dwelling 
units in which they spent the census night. — 


‘De-jure’ Method: The de~jure method of counting on the other hand 
aims to count and rescrd particulars of persons at the places (area, 
houses or dwelling wits) where they usually live, or places of "usual 
residence”. This imolies that the census enumerator is expected to 
exclude from list all persons who are present in the area or house at 
the time of his visit but are’ mrely visiting. By the same token, he ~ 
will count all versons who have travelled or are away at the time of his 
visit, but who noxmmally reside in the area. 
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Evaluation of the De~facto iethod 


It is generally agreed that the ma Ain merit of the, ée-fecto method 
lies in its simplicity and ease of operation. Theoretically, every: 
person should:be able to remember where he was on census -night ~. the 
reference neriod - so through such simple cevices as askinca: the head of 
the household to. note persons, who spent the reference night in their 
houses, it is possible to count. every person in relation to only one 
specific area and thereby avoid duplication or omission. 


The work of both the interviewer and the respondent is simplified 
because all they have to ask or remember is where the respondent was on 
. census night. Thus if the period of enumeration is kept very short, it 
is reasonable to supnose that remembering this would not constitute much 


of a problem.especially if the. census night had keen adequately publicised = 


such as by bonfires, tolling. of church bells, special radio and tele- 
vision progranmes etc. ~ to make a lasting impression cn .the minds of 
the populace. 


The use of the de-facto method however presents some problems. 
The first problem relates to. the various categories of people who are 
not at precise locations or places on.the census night. Fven. though, 
through legislation and. other measures, a large proportion of the . 
population can be induced to stay inc ‘coors on census zright,there will 
still be, on census night, a number of pene out biel hunting, on 
the road, in the air etc.. 


hess. There is also a ‘second catesory of persons viho are at precise 
locations or places, but these are not normally places the interviewer 
.is expectec to call at during his usual rounds; examples of such 
persons are those at an all-nicht cance, those who sleep in the markets, 
under bridges, in hospital etc. 


. For de-facto enumeraticn to be successful, special teats must 
be acdonted to enumerate all. such persons within the shortest possible 
time. The techniques vary from group te group. For those at a dance 
for example, it is possible to relax the strict rule about the “place- 
where~found"” on census. night. and enumerate him at his usual place of 
residence, while for the “floating" ponulation who sleep at markets, 
under bridges etc., a svecial intensive exercise to enumerate all of 
them in one nicht is undertaken. 


_ The second major problem in the use of the de-facto rethod is 
the result of the phenomenon generally called "census migration". 
In some African countries where censuses are of recent origin, some 
chiefs and politicians. often See censuses aS an opportunity to procure 
more amenities and services for their areas by inflatine their normal 
pooulations. They may therefore persuade their citizens pepe 
_ in other areas to return home for the census. 


As may well be imacinec, if this happens on a very large scale, 


it may completely distort the geographical distribution of the population, 
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It may also lead to serious uncercount or overcount because scme of the 
people (inclucing whole families) may leave before the census is over 
anc may therefor2 be misse@ both in their places of oricin and places of 
present residence. Of course, the reverse may also occur. é 


Ancther | disacvantage of the de-facto method, if it is strictly 
Carriec’ out, is that it does not always give a true picture of the _ 
permanent population. For example, in countries such as Rotswana and 
Lesotho where a consicerable number of their citizens live and work in 
neighbouring countries such as South Africa, a strict arplication of the 
de-facto principle would mean that no infomation would he collected on 
Such persons, althoug!: they form part of the population. This also 
Means that if there is a larne copulation of terporery residents - like 
people attending a conference » an army providing temporary military 
assistance - they would also bk counted as yart of the ronulation. 


Though the numbers involved may not be large, this coul¢ still 
lead to serious oroblems. For example, the doctor population of the 
country could be infleted by two hundred if an intermational conference 
of doctors was taking place at the time of the census, therely giving a 
very wronc immression of the state of medical facilities in the country. 


fnother disadvantage of the de-facto method is that in order to 
complete the enumeration as quickly as possible, a large number of 
interviewers may ke required thereby increasing the size anc cost of the 
census machinery, and even in some cases jeopardizinc the cuality of the 


infomation collected. 


in spite of these disadvantages, the de-facto method remains the 
more pooular method because of its Simplicity. ” 


Evaluation of the De-jure ! ‘ethod 


Since the de-jure methoc counts neople at the vlaces where thev 
normally reside, it generally gives a more accurate svatial distribution 
of the ropulation, and is therefore more useful for planning at the 
local level. 


There is also no nee? for respondents to remember where they were 
at a particular time, even though the information collecte may still 
relate to a specific reference neriod. 


Zhe use of de-jure method also obviates the need to complete the 
enumeration in the shortest possible time as in the case of the de«facto 
method; this means that a smaller but more qualified number of inter~ 
viewers may ke used, thereby improvine the ouality of the information 


collectec. 


The use of the concept hciever raises some problems which are 
particularl:, acute in African societies owing to the nature of our 
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social life. The first problem relates to the me ning of tie term 


usual residence”. 


In a society in which people regularly commute between the local- 
ity of origin and the locality of settlement, betveen the fathers’ , 
cannound (which may be at different locations), between the hushand's 
house and the parental home etc., it is not really easy to cetermine 
with any decree of precision what the usual residence is, and in many 
of these cases, the respondent may be regardad as “usual resident” in 


both @welling mits. 


The second problem relates to the neriod of residence in present 
locality. In other vords, how long must a cerscn have lived at pr 2sent 
locality in order to recard him as a usual resident? Same may have 
moved only a month aco on transfer into their oresent dwelling units and 
intend to live nemanently in their new localities. To aoid the pos~ 
sibility of such persons being regarded as “usual. residents” at hot!: 
their old and new places of abode, a fixed period of continuous residence, 
usually six months, is specified. However, the period chosen for 
inclusion/exclusion of members of households should Le same. 


: This of course Coes net completely solve the problem because inter-- 
viewers Co not sametimes have the patience to ask the elaborate and 
detailed questions which the use of this concept entails. 

Another major problem with this method is that a certain nprorortion | 
of the nomulation may not-‘live in “residences” at all. In some of. the 


~ Major cities in Africa, a larce number of miarants do not have anv 


regular places of aboce and sleep at railway stations, lorry parks, 
markets etc. Unless srecial measures are taken to enumerate such 
persons, a Substantial number of them may be missed in the ce-jure method. 


Mocified method 


As the above discussion has shown, both methods have their merits 
and Cemerits, anc the more appronriate methald to use will depend on the 
conditions in a particular country. The Gisadvantages of the two methods 
can however be mediec by combining beth methods in the same survey or 
census. ‘hile tie one section of the cuestionnaire can list all those 
whe spent census night in the dwelling (including visitors), a seconé 
part of the questionnaire will also list all those who usually live in 
the dwelling but were may on census night. LON 

The use of this comprehensive enureration technicue matics it possible 
to obtain information on both the de-facto nogulation and the de~jure 
porulation. Thus, although it involves wore work, it tends to minimise 
the nossibility of coverage errors. | 


METEODS OF ENUMERZTION 


There are two major methods of collecting the desired information 
im any census OF Survey; these are the Direct Interview or Canvasser 
Method, and the Householder or Self-Enumeration Method. 


__.._4In the Direct Interviewer method a trained interviewer represent— 
ing the organization or office conducting the survey visits the res- 
pondents : in their owm houses and then asks, and records the required 
information on a questionnaire. Though it is usually desirable in such 
cases to interview all the respondents individually and personally, it 
is often impossible to do this for various reasons. 


Some household members may have cone to work, some women may be 
in purdah and cannot therefore speak to the interviewer, ane others in 
the household may be minors: for all these reasons, even in the direct 
interviewer method, the information for the whole household may be supplied 
by just one or two persons. | 


In the householder mett:od on the other hand, the questionnaires 
are delivered to the various households, and using the accompanying 
instructions, the head of the household is expected to record the desired 
information on the questionnaire in respect of all members of his household. 
The cuestionnaire is later checked and collected by an agent of the 
Census Office. 3 


Dvaluation of the methods. The major advantage of the Canvasser 
method.is that it 1s possible to ensure uniformity anc greater accuracy 
in the interpretation and recording of the required information. Inter- 
viewers are usually intensively trained or should be trained before they 
undertake any exercise. In the householder method, on the other hand, 
the householder may choose to ignore the accompanying instructions or 
fail to understand them properly, especially if same of the questions are 
complex. Furthermore, the trained interviewer has a greater commitment 
to the success of the exercise than the householder, who auite often, 
may regard it as a waste of his time by “bureaucrats”. 


The householder method is obviously less expensive because it 
requires a smaller number of staff, and no elaborate trainina programmes 
for interviewers are necessary. Again where the information desired is 
considered very pnersonal or confidential, the use of the householder — 
method may generate some degree of co-operation or response fem those 
who may be unwilling to discuss such questions with “strangers” (inter- 
viewers), but do not mind recording the information themselves. 


The major cisadvantages of the householder method however is that 
it requires a certain amount of education to fill in the ansvers and 
hence cannot be usec in countries or areas where the rate of illiteracy 
is very high. Even where the rate of literacy is very high, one cannot 
ensure uniformity in the recording of the information. Questionnaires 
may also be lost, mutilated or stained by careless or irresponsible 
householders, even if sactions are prescribed for such behaviour. 
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For obvious reasons, the questionnaires in the householder method has to 
be short and simple; this is an obvious disadvantage in that a great deal 
of money and effort may be spent to collect only a small amount of 
information. — . 


Fran the discussion above it is obvious that in most African 
countries where illiteracy rates are very hich, locations or houses 
are not properly ‘arranged or addressed,and where representatives or 
directives from covermment are often viewed with suspicion or disinterest, 
the Canvasser method is much more practicable than ‘the householder method. 
It is possible however to use the latter for special seoments of the 
population or for special’ surveys (e.0. urban surveys), or even to 
combine both methods in-the same survey for different seament of the 
population. 


Another variation of the householder method is the use of the 
postal services or the mail to distribute the questionnairés rather than 
‘accredited agents of the cansus or survey organizations; ‘this method is 
obviously less expensive since very few census or Survey interviewers 
are needed, but in African countries where houses are not properly 
numbered; where the postal services are very rudimentary, and where the 
level of illiteracy is very hich, the use of the mail method ee 

_ Seriously entertained, except s for some Special” categories Nga 
‘persons or institutions. 


TYPES GF QUEST TOMIAIRES 


Depending on the résources and objectives of the survey or census, 
it is possible to use thréc different types of questionnaires: ‘These 
are: a) Cingle Individual Suestionnaire ») Single House Ouestionnaire 
and c) Multihousehold Questionnaire. 

bs a éxihy’ a few basis questions are being inicstigatty “¢hdin ‘the: = - 
multi=houschold type of questionnaire is more convenient. “Dependina on: ~ 
the number of questions or the extent of detail required; ‘the single 
houschold or single individual questionnaire may be used. For example, 
in a survey of the maternal ‘history of womcn, the Single individual type 
may be more a. for checicing , compilation and sorting. This 
will mean however that ‘one has to print and Lice ad questionnaire 
than in the other two cases es 


Pre-codsd Rett ocuitince” are soit imisé as 
geous but mey result 
in loss of information, if plans were’ not properl made stage 
of preparations. : : sees eae 


ENULERATION OF SPECIAL GROUPS 


_ Certain categorics of peovle oftén present nroblems census 
organizer oving to the nature of their life~style or mona aiien 
Whether a de-facto or de~jure method of enumeration is used, a vast 
majority of the population can be contacted relatively casily at their 
places of usual residence for the Anterview. But a few other people 
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are not “settled” in regular GQwelling units. Examples of these are 

(a) these in institutions ‘such as hospitals, boarding schools, army 

barracks <tc. (b) the floating pooulation in institutions such as hotels, 

remote camms etc. (c) Transients, homelcss pcople or outdoor slecncrs 

(a) Nomads and seni-nomads, and (e Special groups such as pyomies or 
isolated religious cormunitics. : ai 


Normally where a de-jure method of enumeration is used, it has 
been assumed that many of these categories of ‘people such as those in 
“hospitals, schools, hotels, would be listed or enumerated in the house- 
holds where they normally reside since thcir stay in the institution is 
temporary. here a do-facto method of enumeration is used however. 
these categories of persons present a scrious problem owing to their. 
large size, and it is often necessary therefore to use special techni- 
ques to enumerate them. | 


For those in large institutions such as boarding schools, prisons, 
camps etc., the usual practice is to enlist the assistance of the heads 
of these institutions te underteke a complete pre-listing of the in- 
mates prior to the census night: one or séveral cnumerators may be 
assigned this task, and then a quick check is made on census night ‘to 
~ ensure that there have een no additions or deletions since the list. 


Since the population of such institutions as hotels, lodges, 
motels, etc. are very unstable, the usual technique is to ensure that 
‘the enumeration of such institutions can be completed in one nicht. ~: 
Similarly, it is also important to cormlete the enumeration: of all- such 
floating populations, outdoor Sleepers, transients etc. in one night ~~ 
to avoid duplication and omissions. For those who are actually in © 
motion on census night ard could not therefore be covered by this special 
“one-night enumeration, - such as fishermen, hunters, those’travelling in 
the air - the gconeral practice is to relax the strict de-facto »rin- ** 
ciple and enumerate them at their previous or next points of call: ~~ 


In those countries such as Libya, l‘auritania, Somalia ane Sudan 
with large nomadic populations, the enumeration of the namads ‘always 
presents special problems since the nature of their social life makes it 
difficult to locate them at a precise point at any point in time. 


‘It is necessary here to distinguish between dure nomads who are 
constantly on the move with their families and livestock in search of 
pasturcs, and semi-nomads who operate within’ certain well-defined ZONCS ; 
and engage in agriculture during certain periods of the year. It is 
obvious that the former would be more problematic for the census 
organizer than the latter. 


Ppart from the problem of constant mobility such groups are 
generally cut off from th» main stream of national life and very sus- 
“picious or hostile to outsiders especially government agents. It is 
therefore always important to let cither their own pecple or officials 
who normally deal with them to assist or undertake the enumeration. 
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In general six main techniques have ‘been used hy various countries 
to enumerate their nomadic populations. These aro: (i) ‘Water-point - 
aporoach; (ii) - Camp approach; ( iii) Fnumeration area approach ; te 
(iv) Group assembly method; (v) Acrial Survey method; and (vi) Tribal or 


hierarchia@l. approa 


The first method involves a complete pre-listing of all the weter- 
points in the nomadic reqion arcund witich the nomads periodically congre- 
gate and then sending enumerators to all these areas to uncertake the 
enumeration hefore they disperse again. The major problem in this method 
however is that it is not always easy to obtain an accurate list of the 
water-holes,. and as the populations vary widely from hole to hole, the — 
interviewers may well find that half their respondents have ‘vanished ~~ 
before they have completed their cnumeration. ~— ze 


Again quite often only children and minors who normally take care 
of the herd congregate at the water-holes, whilst the adults ea be 
cemping some distance: away fron the water holes. 


The camp aporoach is similar to the aber tats method in that it . 
involves a pre~listing of all the SEAR cams in the region. It also: 
suffers from the sare ~major drawback, that is, it is often difficult to 
get an accurate list of the camps. 


In the cnumeration~area approach, the country or district is 
divided into conventional enumeration areas; thus each intervicwer is 
expected to locate in the normal way all nomadic or semi-ncomadic groups 
within his enumeration area. This-means that a large number of inter- 
viewers are nesded to commlete the enumeration in the shortest possible 
time to avoid Guplications and omissicns. 


“The. group é ssembly. methed 3 Salven the use of the leacers or heads 
of the: nomadic communities to persuade their people to assemble at pre-> 
arranged locations for the interviewing. This involves considerable . 
pre-census preparations and publicity in order to secure the co-operation 
of the tribal leaders. As the leaders have limited powers over their own 
particular class or lineages, it is not alwoys easy to determine ard 


estimate the size of Nea: who fail tc tum up for i ‘one reason or the 


The objective of the acrial survey method is more to estimate the 
Size of the nomacic population than to obtain any information on their . 
social and economic characteristics, It involves the counting of the 
number of camps and tents fron the air and multiplying the number of 
cemps and tents by the estimated averade number of persons per tent to > 
obtain the size of the nomadic population. It may be combined vith 
the actual enumeration of a sample of cams or tents in order to obtain 
some information on the social an@ economic characteristics of the nomads. 


The last method, which Seems to be fairly popular in countri2s with 


- 2€able nomadic population, is the tribal or hierarchical method. The 
needa normally live in organized social qrouns under tribal chiefs or 
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leaders whose authority and rower vary depending on the position of 
that particular group in the hierarchical lineage structure... 


The hierarchical approach therefore basically involves the use of 
the tribal leacers to collect the desired information. This may he 
done in two’ways; one is to collect all the desired information directly 
from the chief, whilst the other method is to seck his assistance in collec- 
ting the information directly from his subjects. 


the success of this method depends a lot on the popularity of 
the chief and the degree of influence or control which he exerts on then. 
The complete dependence on him means however that if he is not VeLy 
co-operative, or forgetful or has no real control over his scattered 
people, then the results may be adversely affected. 


For other categories of "difficult" people such as isolated 
religious communities, pyomies, etc., it is often necessary to see inter- 
mediaries such as missionaries, trusted chiefs or leaders to persuade 
them to co-operate with the census team. : 


2.3 AVAILABILITY OF DATA ~ NATIONAL PUBLICATIONS AND INTERNATIONAL 
. AGENCIES (U.N. AND _OFHER meer: 


The work of a data collection agency Goes not end with the collec- 
tion and compilation of the information. It extends to transmitting the 
information to the users in a usable form. Thus publication and dis- 
semination of the data are important functions and hence great care 
should be taken to achieve these objectives so that they serve the maxi- 
mum number of users. In the carly stages of planning of the data collection, 
the focus should already be set on the types of publications which will be 
brought out. This may get modified after the data have been collected 
and processed, due to one reason or the other. In many cases, the data 
users would be consulted at every stage and the types and varieties of 
questions, the formats and depth of the tabulation and the types of 
evaluation and analysis which would be carried ovt may be planned in 
advance. Adaptations may become necessary due to the data and other 
reasons. However, efforts should be made to bring out publications 
covering the various aspects of data collection in a clear and use> 
oriented manner. Thus, in addition to tables, there would be need for 
explanatory notes regarding how the data was collected, the problems 
‘encountered and how they were tackled, the lessons learnt and recommenda- 
tions for the future. Then there should be publication on evaluation: and 
analysis o* the data in a clear and concise form understandable to the 
ordinary user. Technical appendices should be relegated to the end of 
such publications. 

However, it may not be necessary to print all data. Some of the 
detailed information may be made available in limited numbers to special 
users. Computer print outs, special tapes or discs ctc. have been used 
for such purposes. 


ey el 


~ 


=> Lis * 


Also the detail of tables may vari from the national to the 
regional, local end other itinor surdivisions. Sometimes publication 1s 
by subject ratter sreciality, viz demooraphic characteristics or economic 
variables etc and sometimes it would te by ceogranhic coverage. And it 
is quite obvious that the greater the number of ccograph tical areas for 
‘which the data arc needed, the lerger the size of tables anc waterialis 
and, since accuracy and relia sility may become less and less as the area 
units kecore smell, it may he advisakle to produce such dsctailed informe- 
tion only in condensed fashion. ‘ * 


The question as to ‘whetix x takles should present only the raw cata 
or also same derive: statistics like mean percentage ete the mein 
recommendation is. that it is advisatle to present raw data. Fowever,if 
some preliminary analysis would aid its utilization and interprcetetion 
and woulc not mutilate it, then it is advantageous to present these also. 
Sometimes,..for saving time and space it may ke nccessary to present 
sonly derived paremeters viz,. percentages but then it is essential that 
the total numbers on which :the calculations are based may be necessary. 
In some cases, unless warranted, condensed tabulations may suffice. 

For exemple, in the table on children surviving it may be sufficient if 
the total number (by sex) is tabulated hv ade of mother instead of 
giving rothers by acs and number of Children surviving AOR 2ec.). 

In the latter case, there should be a colum for total number of child- 
ren survivine unless the last open interval does not contain a a high 
pronortion’ of iad ‘anc. the calculation of the total can ke done LY 
computers. 2 of: the publications from Tanzania are indicated in. 
section 1. a ine. | Bera. 


: In ‘pddition to national agencies, several international egencies 
are inter: sted in comper=tive.stetistics. Chicf emong these are the 
UN. a agencies like the U.if. Statistical, Population and Social Pivisions, 
the Foad’ and agricultural Orgenization; World Health Organization, the 
United tations Mducational,’ Scientific and Cultural Oraanization, the 
International Labour Orcenization etc. These orcaanizations collect ané& 
compile Gcmographic and secio-economic information. on a global basis 
ane publish the data in annu: al or regular serics, ‘The Statistical, 
Nemogranhic, Production and Tirade Year. Rooks, the Year Fooks of Letour 
Stetistics, and Fducational Statistics arc yearly publications dealing 
with specific tosics like ~epulation, Latour force, education, food 
obs alae trade etc. Then there are other x gular publications like 

2 Compendium of social statistics, Public Henlth ané@ Vital Statistics 
ieee etc. which pertain to Living concitions (housing, trsnsrortation, 
contmnication ete) anc. hoalth and vital s catistics. | ; 


‘Sore other iritornaciaa acencics Liles this U.S. Intemational 
Statistical Program, the Organization for Fconomic Co-operation and 
veto ete. also compile data on an internrtional basis and these 
are velusnic Sources of comparative data. Thoy also man times, provide 
 AnAlysis of the inforetion. 7 ? (ag x 


However a word of caution need be sounc 33C in respect of date from 
international sources rertaining to timeliness, coverage and re libilitv 
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These being mostly secondary sources, it is advisable to rely rore on 
rs imary sources like rational publications especially if one is looking 
or recent data in same detail. But for comparative studies, such inter- 


_national sources are invaluable. 


3. ‘DATA PREPARATION 
3.1. FIELD CHECKS AND SUPERVISION, EDITING, SCRUTINY AND CODING 


A census or survey is usually a very large and complex operation 


. involving a very large number of various categories of personnel. ‘ihere 


are firstly the technical officials directly responsible for the collec- 


tion. of the statistical data. Though the designations used for this 
category of officers vary occasionally according to the administrative 
structures of different countries, these officials may range from the 
enumerator in the field who actually collects the data, through his team 
leader, Supervisor, district supervisor, regional census officer and 
finally to the chief census officer who is nommally assisted or advised 
by a census technical committee. ue” ce 


Apart from these technical officers, no census machinery is ever 
complete without a larce number of sunporting staff such as drivers, 
administrative and accounting staff, technicians, Cata processing 
specialists, oublic relations practitioners etc. . 


For such a large number of ncople with diverse backgrounds, train- 
ing end expertise to function effectively for the success of the ¢ aumer- 


ation, it is essential for a clearly defined crganizational structure to 
be set up with clearly demarceted lines of axzthority and responsibility. 


One implication of this hierarchica). structure is that each tech- 


nical officer is directly responsible for the work of the officers below 
-him. Thus while the work of the enumerator is ‘Constantly checked by his 
‘supervisor in the ficid, the supervisors in a district also in tum 


constantly report to his superior officer. Ficld checks are especially 
important in the early stages of a census operation, since it permits 


... ymecessary changes to be made early in order to ensure that errors fall 
(within acceptakle limits. | | 


For exemple, in spite of all the training and pre-testing, one 


may find that responses to a particular question are unsatisfactory, 


and new instructions may then have to be issued immediately to all inter- 


viewers. Some interviewers may ke found to he irresponsible, drunk, 


sick or absent, necessitating urgent remedial measures. Thus one cate~ 
gory of officers has to constantly monitor the work of those under his 
authority in the field co ensure the success of the effort. Such. 
monitoring relates not only to the ouelity of the data being collected, 
but also the safety of the documentation (mainly cvestionnaires) . 


} In spite of these checks, the stuxt pericd within which a census 
or survey has to he carried out does not always make 1t easy for major 
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errors to be corrected. It is therefore necessary after the census has 
been completed or when it is in final stages, for the Supervisor or cis~ 
trict officer to mke 2 cuick check or scrutiny of the questionnaires and 
other documents he has roccived both with respect to the quality and 
quantity of the data. If the quality falls below certein pre-determined 
limits or if some documents are migging, the work may then be sent back to 
the interviewer concernee for immediate corrections to be made. 


The scrutiny may he done at various stages of the cperation, but 
when it is done in the central office after all the questionnaires 
have been collected, it is usually then too late, or too cxpensive and 
.curbersome to return the cuestionnaires to the ficid again. It is there- 
fore more advisable to do it at the local level just at the end of the 
oreration. é 
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symbols to represent the data collected is called coding, and represents 
one of the most important stages in the census process. 


In most censuses, it is usual to pre-code certain responses which 
are relatively easy to obtain such as sex and marital status. Such pre- 
codina is not common or advisable however, where the range of possible 
alternative responses is large e.c. occupation. But. even here, one may 
decide to pre-code occupation into.about ten cr so categories, if one is 
not interested in a sovhisticated analysis of occupational structure. 


.. The main advantage of pre-coding is that.it saves time; it 
however. suffers from onc major disadvantace.. “hen a large number of 
items or questionnaires have to ke pre-coded, interviewers sometimes 
become bored and mark the wrona boxes without cven heing aware of this. 
Forcing them to write down the whole answer tends to eliminate such 
possibilities. 


There are two min coding techniques. One is to allow a coéer to 
code all the items relating to @ particular respondent; the other is to 
allow. a. coder to 'specialize' and. code only part of the items e.g. demo- 
graphic characteristics, economic. characteristics, maternal and ferti- 


. -. lity history etc. 


sation with the codes anc is therefore faster. The comprehensive - 
approach is more laborious and time-consuming. However it makes it 
possible farthe coder to detect inconsistencies in the responses, For 
cxample, if. a respondent aged 12 is recorded in the occupational column 
es being an engineer, the coder knows there is 2 mistake somewhere 

Which has to be corrected. It is not. possible to detect such an error 
iB specizlized approach since the. two items will. be coded by different 


The specialization technique permits easier or cuicker femiliari- 
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An important part of the coding operation is verification of codinc. 
This may ke done either on a sample basis or on a hundred per cent basis. 
It 1S More common however to start on a hunéred per cent Lesis, and then 
change gradually to = sample basis after the ccfers heve acouired v2rious 
levels of efficiency. 4; ae 


Since the scrutinization of questionnaires from the ficld is usually 
very quickly done, it 2s not lead to the elimination of all errors in 
the questionnaires. Some responses may be inconsistent with esch other, 
While some columns vhich should he fillcé may be ampty. The questionnaires 
therefore have to be corrected before they are processed. Editing therefore 
Simply means correction of the deta in accordance with predetemmincd 
rules. The editing may be cone at various staaes of the operation. It 
may be done by the intervicver or supervisor in the field or in the office 
before or Guring the coding process. 


It may be done cither manually or by machine, and various software 
packages (such as CONCOR, UNEDIT) have becn developed to facilitate speedy 
editing of data. : 


3.2 CODING, EDITING, PUNCHING, VERIFICATIC? AND DATA TRANSFER 


Editing and coding are key steps in any survey oncrations. They 
constitute the link between the raw Gata collected from the field py the 
interviewers and the input to the computer programmes. 


Editing is a process designed: 


(a) to check that information contained in the questionnaire is 
complete, recorded. in the prescribed manner and consistent; and 


(b) to take appropriate action when these conditions are not ful- 
filled. ot ee ere 


ORGANIZATION CHART 


Ideally, an organization that can handle the survey data 
already exists in the country and only the prover channels of 
command necd to be established. Nowever, additional training and/ 
or personnel may he needed to sunvlement the existing organization. 


DCCUMENT FLOW 


Figure 1. shows steps that are required from the time cuest~ 
ionnaires reach the offices from the ficld wtil they are handed 
over to punching unit. ve 


SYSTE!: OF ORGANIZATION 


(a) Fixed system - where one person has heen trained for 
or assigned to, a specific job throughout the operation and does 
nothing else. 

ey  ¥. 
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(b) Floating System - where a person has been trained to do a 
variety of jobs and alternates between, say, editing trans~ 

* me . . be | * * 

cription and checking or between coding and verification. 


PERSONNEL 
The organization will consist of: 


(i) Office processing Manager; (ii) Supervisor . (a) Editing 
(b) Coding; (iii) Receipt and control clerks; (iv) Editors; 
(v) Editor - Verifiers; (vi) Coders and Transcribers; and 
(vii) Verifiers of Coding and Transcription. 


FLOW CHART FOR DOCUMENTS . 


VERIFICATION ERROR OFFICE 
OF EDITING + CORRECTION CORPECTION 
| : 
t 
CODING AND “ 
_TRANSCRIPTICN 


VERIFICATION OF’ 


; 
CODING AND ERROR _| CORRECTION | - : 
TRANSCRIPTION 


PUNCHING AND DATA. 
PROCESSING 


FICURE l. 
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PUNCHING OF nnTa 


| After the date has been coded and edited properly further prepara- 
tion of date before actual a , is undertaken, is necessary. This 
Stage must be | orgmized to ensure that all transactions entering < 
system are correctly transcribed ante. some medium readable by aia 
fhe common mediz are puncl: cards, 7 Paper tape, Discs and magnetic tapes. 
Transcription of data into cards is achicved by ean operator using a key- 
punch. The overator reads the oricinal document and enters the characters 
read on to’a kevboard which : utomatically punch avopropriate holes into 
the input me sdium (cards). The process hes several potential source of 
errors’ such as the illegibility of characters on the original document 
or the operator may depress a wrong key or may read a character incorrectly. 


VERIFICATION OF DATA 


In order to reduce numher of errors as 2 result of key~punching a 
form of check known as verification is essential. In case of punched 
cards a further operator takes 2 ere decuments and the cerds punched 
from them ane feeds the cards again ~ through a verifier. The cards to 
be verified and the source documents are all kept in the seme seq ance 
and thé verifier onerator repeats the keystrokes made By the original 
operator. However on this occasion no holes ere punched into the cards 
but 4 sensing operntion takes place to ascertain the holes previously 
punched < agree with the keystrokes. Any clisagreement will be: shown by 
the warning lamp of the keyboard. ‘his error must be correctcd before the 

operator proceeds on to the next card. 


DAT. TRANSFER. 


The trans ferring of data from oricinal source documents on to media 
readable by computer is known as Data Trensfer. Same of the media used 
have already heen mentioned akove. 


DATA PROCESSING 


Before processing of Gata is undertcken,'a thorough check of each 
record is carried out by the Computer. A validation programme must be 
develosed in order to catch those recorés that do not meet rules sneci- 
ficd for a particular Survey/Consus . The rules will cover such thincs as 
range Checks for various itoms and consistency checks within the record 
as well as within, sey. the household. 


Example of range check could ke days of the month which should he 
between 01 - 31 or months an y 01 ~ 12. .Fxample of consistency check 
may be: ae of mother Versus age of her children; Education Versus age etc. 
; rough this programme ¢é a master WELL. is created for all those records 

which pass pre scribed tests while those records which f-1l must be 
rejected so that they can be correctad and’ re input into the programme 
to ascertain compictencss. 
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RACKING STOR 


Mein st ore (central processor) is very fast and efficient , se also 
very expensive. To increase storage capacity, the main <b pace gp nen 
supplemented with slower but cheaper JeVLCes. | vhis addition S | race 
Gata and progr-mmos not currently required is called tacking St mere The 
devices uscd to provide backing storage are magnetic storage devices which 
work on the scme principle as tapes uséd'for sound recording. The following 
is a list of some of the backing storage devices: 


. ~ q t . + Bad r. a c 
(8) - Fxchangeable Disc Storage (EDS); (b) ~ Fixed Disc Storage (FDS); 


(c) ~- Fixed and Exchangeable Disc Storage (FEDS); (d) - Magnetic 
Drums; (ce) - Floppy disc (diskette); (£) - Maemetic Tapes; and 
(g) ~ Cassette Tane. 


3.3. DATA PROCESSING AND PETREIFVAL 
FILE ORGANIZATION | 
There are three methods of setting up a computer file: 


(i) Scrial organization; (ii) Indexed Secuential organization; and 
(iii) Pandom organization. 


FILE ACCESSING 


The order in which rocords are rotricved from a file held on a 
direct access device is called the file access methed. There arc four 
methods of file accessing: 


“; 41) Serial Access 


~ Every record is ready in tum as’ it is encountered, start- 
ing from the beginning of cach scek Area and processing 


Seek Areas in turn from the heginnir ing of the file. 
Gi) Sequential Recess fe ae 


- This method makes sense when applied on a file stored seque- 
ntially. The housekceping overflow routines ensure that 
records stored in the overflow buckets are mresented in 


correct key sequence. Sequential access cen he "selective" 
or "non-selective". 


(iii) Selective Secuential Access 
ete A0Cess 


- This method improves efficiency if the hit rate is so low 
that the number of records being skinned over is more than 
the total number of records in the entire file. 
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(iv) Random Access 
~- Means extracting a particular record without searching the 
whole file serially. A method known as address generation 
technique is used to achieve this. Where the file activity 
(hit ratc) is very low, this method should seriously he 
considered. | : 
PROCESSING MODES 
There are three processing modes on direct access devices: 
(i) Input mode; (ii) Outout mode; and (iii) Overlay mode 
(i) Input mode 


In this mode records can be read fram Disc to store but no 
transfer from store back to disc is possible. See Fig: 2. 


(ii) Output rode 


In this mode, records are written from store to Disc. It 
is nomally used for creating serial files. See Fig. 3. 


(iii) Overlay mode 


In this mode (not possible on Megnetic tapes) the bucket 
is reaéy in store, updated in store, and then written beck 
to the seme physical position on the catridge it came fron. 
This is the processing mode used when updating in situ and 
sometimes called Input/Output mode. See Fig. 4. 


ADVANTACTS OF USING DIRFCE BCCFSS DEVICES CVER MAGNETIC TAPES 


1. In real time system - response time is critical. Apart 
! from speed, Direct Access allows selective file proces- 
sing. 
’ 9, When the proportion of data being accessed on a file is 
low, it is more efficient to go directly to the required 
item than working serially through the whole job. 


3. Avoid time-consuming complex SORTING, 
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Fig. 2 REPCMTING 
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Fig. 3 UPDATE BY COPY 


‘C/F WASTER FILE 
(SEQUENTIAL) 
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Fig. 4 UPDATING IN sTTU 
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BASIC REQUIREMENTS OF COMPUTER INSTALLATION 
Ls Personnel 
2. Computer (Central Processor) and its peripherals 
3. Programmes | j 
4. Data 


1. PERSONNEL 


~- Administr=tors/Engineers; Systems Analysts and Desioners; 
Programmers; Operators; Data Control Staff: and 
Supporting Staff. 


Poe CENTRAL PROCESSOR 

The processor has three separate hardware sections: 

(i) Internal memory: 
~ used to hold data or programme instructions 

(ii) Arithmetic Unit 
‘=. consists of special reaisters and circuits which are 

able to perform arithmetic and legical operations upon 
operaticrs selected from memory. These operations 


include addition, subtraction, division, multiplication, 
comparison and logical “OR" and “AND” capabilities. 


(iii) Control Section 
- This section has complex functions to perform. The 
section co-ordinates the activities of other sections 


of the central processor including the operation of 
peripheral units. 


Je PROGRAMME: 
- A vrogramme is a network series of instructions telling the 
computer how to carry out a particular job. 
4. DATA 
~ Moans straight forward facts and figures which the computer 


needs to work cn. 


Bolow shows relationship between various sub-processes 


Figure 5. 
‘ in a computer installation. 
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3.4 TABULATION - FORMAT, TYPES AMP DETAILS 

_ The mass of czta produced in any Cat> collection exercise becomes 
meaningful only when they are condensed into summary st=tcments or tables. 
As amatter’of fact; tabulation of the data is the first step in the 
evaluation; analysis and interpretation of the data. ae 


__ dh any enquiry, once the focus is set on the tyres of data needed, 
it is necesséry to prepare table outlines and dummy tébles. ‘This 
ensures that all the data needed for the tables are collected and that 
unnecessary data are rct collected. | “ 


Ideally, the questionnaire ond enumeration manuals are finalized 
on the basis of the analytical and user needs which in turn determine 
the types, depth and varieties of tables needed. Data preducers and 
users will have to decide on these at the earliest stage of the exercise, 
so that, there will be no bottleneck in the end. 


Tables may be classificd into various priorities according to the 
importance they will have in their utilization. This -lso determines 
the timing and sequence of their preparation and the details into which 
they will be presented. Space in the publicction, time, finance, 
usefulness of the informaticn and quality of data otc. will determine 
the breadth and dsoth of the tables. For examlc, national tables may 
go into great details.on vzrious demographic, ‘socio-economic character- 
istics but at the local or small areas levcl, most of the information 
may be presented only in. summary form or for grouped values. This may 
be necessitated by the small samples involved also. 


Presentation of tables could be by geoursphic creas, subject 
specialities or otherwise. Decision on a particular format will ¢ spend 
on circumstances. | : 


It is advantageous to present the data as it was collected without 
any alterations, «djustment or analysis. “owever, if any evaluation 
or analysis is to be presented, then the user must have recourse to. raw 
data and an indication of the technicucs snc methods applied. so that 
independent conclusicns c=n be drawn, if nocescory. In some cases, for 
saving time and spcce, it may be expeditious tc present only percent~ 
ages, Means ctc. In such cases, it is important that the numbers on 
which they are based b2 provided. On the other hand, in specific ._ 
instances, analysis may not warrant presentation of cata in the details 
in which they were collecteé. For exemple, deta on children ever born 
is collected under three headings ~ children living here, those living 
elsewhere and those now dead. The informetion in such detalis is use~ 
ful for Gata eviluation ané adjustment especially in the fiele anc office. 
For presentation of results, it is sufficient if tables are provided 
by age of women and total numbers of children ever bor. (byv’sex, 1f poss- 
ible). If parity distribution is to be presented, there should be a 
column giving the total nurhers of children. Otherwise, it is tecLous 
te calculate the weighted sum anc thc problem of open classes also will 
arisc. This is more so in the nresentation of deta on children surviving. 
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the aim of tabular presentation should be (1) to ke 
needed but not anything 
snalysis and interpretation. 


In other words, 
precise and clear (2) present ail infomation 
else and (3) digest the dota for evaluation, 
Mot all tables mv ke printed or published. Some of the tables: 
r limited use and made available in computer print outs stc. 
In same cases, specinl tapes may be prepared (with identificetion anc 
other details removed) for research purmoses. It has also become | 
acceotable in many countries to provide sample data tapes for study out- 
side the country. Srccinl t-bulations also are provided, on request by 
genuine research bodies or individuals - sometimes :¢e but other times at 


nominal costs. 


may be only fo 


4. DARA QUALITY 
4.1 TPOPTANCE OF CUALITY CHECKS 2D CONTROLS 
* Introduction 


Whether one collects statistical data using the complete census 
methed or the Sampling method, no one has ever been able to have 
complete information. There has always been a Cifference between the 
information collected and the true informetion. But, since no two data 
collection exercises can ever be replicated, none has ever known what 
the true information is for any population. Also, no two data collec- 
tion exercises on the same poruletion heave produced exactlv identical 
results. We have calkd the difference between the truce information and 
the information collected as an error or bins. When the information 
is collected by sampling method, another crror is intreduced because 
not all units of the population are chserved. Thus we have what we 
, call sampling errors and non-sempling ecrrors. 


_ While sampling errors are taken care of by choosing the right 
sampling schemes and the right samplinc sizes an? using the relevant 
statistical formilze, non-sampling errors are usually taken care of by 
quality controls and checks. Control checks would test whether an 
interviewer in fact made all the interviews clrimed, whether his res- 
ponse rate is satisfactory and whether he is asking the questions anc 
interpreting the answers in accordsnce with instructions. 


(a} Coverage errors 


~The first class.of non-sampling error is where there is an 
error in coveragcc. This may be in the form of omittine a wit 
Which is supposed to be included, includine a unit more thar once 
or inclucing a wit which should not hove keen included. To 
avoid these errors, control checks are introduced right at source 
where the date are collected. The immeciate supervisor of the 
enumerator is recuircd te check that -11 forms roturnee have “been 
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filled in completely and by the right xespondents. Semple checks 
for each cnumc:rator may help to determine whether the right ros- 
pondents have been covered. Comparison of results and lists 
from other sources is another wey of checking. Once the forms 
have been returned to the head office, to determine the dagree of 
error, post-enumcration sampling checks are carried’ cut. 


(b) Non-response 


_. This arises from incomplete covereqe of the units qualifying 
to be included because either the units cannot be contacted or the 
units are contacted but no observetion has been made because of 
refusal. To correct this type of error, the ingenuity of the 
immediate supervisor is called for in either locating the unit or 
convincing the respondent to resnond. If the percentage of non- 

._.., response is very high, then the results of the analysis on the data 
| *.g0llected is suestionable. is, a 


(c) Response and Processing Errors 


_,. This consits of errors in recorded value and include, in 
addition to response errors those of editing, coding, punching and 

_ calculations. Response errors are sometimes more important: 

- source of bias than non-response. It srises from a variety of 

~ceuses including the faulty mamory of the respondent and. the 

conflicting reports that may be secured from different members of 
a household. Various methods arc in use: for correcting such 

_ biases, depending on the nature of the study.. The availability of 
@xternal date for compariscn and the accuracy required is cre 
method. The method of post-enumeration surveys is also useful. 


tom 


(da) Estimating Error 


‘This is mostly cue to the use of wrong or biased fonmulae for 
estimation. ‘The amount of the bias introduced by such methods 
are usually estimable and should not present a serious problem. 
If the bias is found to be large, cne can avoid using the method. 


(e) Enumerator bias 


‘In the case of personal interview method, the fact that 
different cnumerators are used for cifferent enumeration areas, 
results in the lack of wmifommity of treatment. Ideally, respond 
/ ents eresupposed to be treated wmiformly when being asked questions. 
Differences in respondent treatment may be a source of error. 
This voroblem is partly tackled by the enumerator training: and 
partly by the checks by immediate’ supervisor. ' Also uniform applica~ 
tion of methods of interviewing and recording is treated in a 
similar menner. 
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Conclusion 


Whatever the preparation.that may be made in the office before 
the data collection exercise commences, there is alweys room for 
errors to creeo in. The only way of reducing these errors is by 
applying the quality checks and controls. 


4.2. METHODS OF QUALITY CONTPOL 


The importance of assuring the quality of Gata needs no stressina. 
Data collection is exnensive and can be done only infrequently. Wrong 
data can lead to wrong decisions which in turn csn result in waste of 
resources, time and upset plans and policies. The confidence of the 
people in general and the users of data in particular will be lost if 
the data made available are not of good quality. Since data ére used 
for planning and policy formulation involving estimation and projection, 
base data errors could get compounded and confounded, resulting in biases 
and lop~-sided decisions and action progrenmes. 


Unlike that in physical and exact sciences, it is not possible in 
the social sciences to obtain precise information. nor. is it possible to 
repeat the exercise under identical conditions. Hence, a certain amount 
of error or bias is inevitable. What one tries to ensure is that their 
magnitudes are not too laroe and that they are minimized. Again, in 
an enterprise like data collection involving several steps and stages 
and human and mechanical agencies, it is quite possible that errors, 
biases, defects and deficiencies could creep in. Quality checks and 
controls are Gevices to gauge these in the data and take appropriate 
measures to contain then. | 


Statistical data are subjected to sampling and non-sampling 
errors. Good sample design, large sample size and care in data collec- 
tion can reduce sampling errors. But incroasing the sample size with- 
Out improving the data collection machinery and taking other precaut- 
ionary steps can result in increased non-sampling errors. A well 
designed and executed small sample survey is superior to a bedly 
designed and conducted large scale enquiry. . 


a ‘lon~sampling crrors pens ke (1) Coverrce errors and (2) Content 
FS, 1.c. error arising : problams in the coverage of the st 
population and errors in data coverscd in the enquiry ry respect fa 
characteristics etc. Coverage errors could be independent of content 
errors but may bias the results, if coverage is selective or other vise 
non representative. At the samc tims, ‘overage error may occur because 
of content of cuestionnaires: similarly content error could he selec- 


tive of areas or group arr may result in coverace ; 
; D err erage error. T 2 
considered in later ects = — 


Prevention is better than cure and hence it is a wise policy to 
anticipate the possible avenues for errors, biases ete. and to nlan 
for their mininization , if not their elimination. The goal of check- 
ine and controlling the quality of data is to improve qualitv before 
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data are collected anc mimimize loss of cuality after it is collected. 


To ensure a real coverace, geographic preparation should be 
adequate and demarcation of enumeration areas clear and unambicuous. 
Enumerators and supervisors must know their areas and advance publicity 
of their activities will ensure better co-operation from the population. 
Special problems like remote and inaccessible areas, one person house- 
holds, migrant group, nomadic or semi--nomadcic population, infants and 
young children, femalcs or males in specific ages etc should be specifi- 

ally catered for... ? es i ; 


ae Also great care must be taken to ensure that questions pertainina 
to specific ’groups like those aged 12 years and above for marital status, 
fertility questions tc females aged say, 10 or 15 years and above, 
economic activity for those aged above 12 years etc. do not result in 
coverage problem. Strict rules for inclusion/exclusion of members of 
households in enumerated households should also be spelt out and should 
be such. that on the whole there is no omission or. duplication. 


If there be different types of cuestionnaires for various seg- 
ments of the population, it should be ensured that these are adequate 
for the work and: canvassed properly as per plan. This is specially 
true of long detailed questionnaires usually meant only for..a sample 
of the povulation. 
| The questionnaire containing a large number of items covering 
diverse subjects should be pretested ‘in the field after having keen 
thoroughly discussed by users and subject matter specialists. 

Especially this is important in cases where the language of the quest~ 
lonnaire.is not the same as the local language/lanquages. Again, 
difficult concepts like economic activity, fertility, etc. should be 
clearly spelt out. This leads us to the need for training of enumer- 
ators and supervisors not only in the class roam but also in the field 
(by mock interviews etc.) and educating the public. Good supervision 
and continuous monitoring of the data collection will ensure hetter 
quality of data. In the field, it is advantageous if supervisors verify 
the work of enumerators on a 100% basis for the first few days of the 
operation anc discuss with individual cnumerators the types of mistakes etc. 
_ they are making. Common problems may he discussed in group meetings. 
Problem in the field should be solved hefore they become masstVe- 
Enumerators should be encouraged to discuss with supervisors their 
problems anc suggestions for their solution. It should be ensured that 
enumerators cover their areas and that information is collected on all 
members of households who are eligible for inclusion but exclude those 
ineligible. No question in the questionnaire should be left blank - if 
a question is inapplicable to an individual this should be indicated 
by an appropriate symbol (N.A). Even in cases where the respondent may 
not know the exact answer, every effort must be made to estimate or 
arrive at it because it is easier to do this in the field and virtually 
impossible after the data has been brought to the office. Inputation 
and other methods of assigning answers to cuestions became questionable 
and should be avoided, as much as possible. Strict control of the filled 
in ovestionnaires is required, if one wishes to avoid loss or mutilation 
of the collected data. 
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In the office processing of data, i.e. editing and coding, great 
care shoul¢c be taken to ensure that the ultimate objective of getting 
the types of tables etc. are kept in focus. It is advisable to verify 
the work of editors and coders to vouchsafe cuality of work. This is 
necessary also for the ‘further stages of data processing like punching 
and Gata transfer to card, tare or disc. * 


There are adiieas ways of checking accuracy of data collectec. 
Spot checking is one such but it is not reconmendec unless time and cost 
considerations rule out the use of more scientific and systematic tech~ 
niques. Sample verification could be either continuous or acceptance 
sampling. The former is useful when the units are reasonably homogencous 
in nature and homogencously produced. Acceptance sampling is applicd to 
tasks that are people oriented such as ficld review of cnumeration's 
work, manual editing and coding and data keying. Many times complete 
verification may be needed at least ‘until confidence is established on 
data quality. 


“Verification can be either | on 4 depentiantl basis or on “independent : 
basis. In the former, the verificr examines the work of a producer and 
decides whether it is correct or incorrect. In the latter, independent 
verifiers repeat the PLOCcSs and match results. In most cases, the 
second alternative is superior but it requires more care in controlling 
the flow of work and srevent collusion. 


With the availability of the computer , it has become possible to 
'“perform consistency checks and ac just Gata. Rs: Songun ie 
“ concor, unedit etc. are available. | 


Finally, a word is in order regarding the etonk role of mana 
gement in assuring data quality.: % well managed data collection exer- 
Cise* taking account of the various possibilities for error and biases 
will ee eely pay dividends in terms of oe mesicise 


4.3 ‘EVALUATION OF COVERAGE - DIRECT AND INDIRECT. METHODS 


rcroduction 


It has been observed earlier that the main Siebins of any census 
or survey is to enumerate and record the Characteristics of all nersons 
or units within the territory at the time of the survey. In practice, 
it is almost impossible to achieve this nerfection for one reason or 
the other except for very small surveys. Even where the count is 
acceptable, some of the information relating to the characteristics 
mey be wrongly given or recorded. 


The census or survey therefore is often beset with two 5 ieiGe 
Sources of errors - errors of coverage where som units belonging to 
_ sthe universe being investigated e.g. localitics, ComPCuncs - houscholds 
OF Persons may ke completely omitted from the exercisd; or ard - 
duplicated and errors of content or classification where all the 
units are covered, but some mistakes are made in recording or reporting 
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of some characteris stics of the units or persons in the population such 
as one's acc, sex, marital status. 


Coverage Errors 


The coverage error can either be in the form of over-enumeration 
or under-enumcration of units. These crrors may occur as a result of a 
combination of scvéral factors. The major reasons for coverage errors in 
African censuses arc: | 


(i) Poor or inadequate Bee leadine to faulty cemarcation 
of enumeration areas. Whe @ pre-census mapping operations 
are poorly cone, eoimeraeee “a find that they have Girections 
or descriptions which bear no relation at all to the reality. 
In such a situation, it is not unusual for whole localities to 
be-missed whilst some are covered twice by different cnumerators; 
(ii) Even where the mapping has becn proverly done, some enumera- 
tors may misuncc erstand or faii to adhere strictly to instructions 
and ‘sometimes lose completed questionnaires; (iii) Some respon~ 
dents may deliberately mislead the interviewers either because 
they want to inflate the population of their areas, OF hecause 
they. do not want to be counted, or out of sheer ignorance; and 
(iv) Owing to poor transportation and communication: problems, 
it is not uncommon in some African countries, for. the existence 
of some communities or localities to be completely: unknown to the 
administrative authoritics. ‘his problem is accentuated by. the 
existence of a wide variety of cultural practices which deter- 
mine the location of certain groups of people at certain times 
of the year. For cxample, the Nuer pcople of the Sudan completely 
change their residences and mode of life during the wet and dry 
‘seasons. In Chana, some cormumitics shift or relocate their 
villages occasionally either because of disputes with neighbours, 
in search of water or more land ctc. In many African communi- 
ties, some sections of the populations ¢.g. specific age-grades 
or nubile girls may go into seclusion deep in the forest for the 
practice of certain rites during certain periods in the year, 
and of course, if such pericds coincide with a census or survey, 
the possibility of under-enumeration is very high.. Again, 
however“hard the enumerator trics, there are certain categorics 
of people who are very difficult to locate or interview, examples 
“Sf these are illegal immicrants, those who live alone or have 
ode working hours, the floating population etc. 


EVALUATION OF CNERD CE EFFORS 


It is always necessary to evaluate the results of the census in 
order to detemiind its accuracy. This is necassary not only to guide 
users of the data, but also to ensure that same of the deficiencies 
in the census operation are eliminated in any future operations. The 
evaluation may also provide the statistical basis for adjusting the 
data in order to conform more to its theoretical maximum both for 
planning and other statistical purposes. 
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For analytical purposes, methods of evaluation of census data 
may be classificd into two main categories namely, direct and indirect 
methods. 


DIRECT METHOD 


The direct methods involve the comparison or matching of the 
information collected in the census with the information collected 
from another source such as a post-enumeration sample survey (PES) 
or from re-cnumeration. If the PES or re-cnumeration is undertaken 
soon after the census, it is generally assumed that the two populations 
in the selected enumerations or districts would be the same; anc since 
the cualitv of the PES data is assumed to be better than the original 
census ~ better supervision, highly qualified enumerators etc. ~ the 
PES can ke used as a basis for estimating the extent of uncer-cnumerat~ 
jon or over-cnumeration in the main census by matching of persons. 


. In practice, this type of matching of the two sets of data has 
been found to be extremely difficult, if not impractical, in African 
countries where it has been tried (c.g. Ghana 1960, Liberia 1974). 


The main reasons for this failure ar i) the inability to identify 
places, and houses clearly because of poor addressing. and demarcation 
of units; ii) variability of names used in different. contexts by many 
Pfricans;.. iii) inadequate prenarations for the PES owing to over- 
concentration on the main Census; and iv) loss of supvort, enthusiasm 
or fatiqgie, both on the part of officials and respondents. 


A variation of the PES approach is the dual: record system approach 
which involves the mounting of an independent survey to evaluate the 
census, anc then attempting a systematic matching of records from the 
two indenendent. data-collection systems. ee 


INDIRECT METHODS 


noe wide veriecty of statistical techniques are also available for 
making an indirect test or evaluation of the accuracy of the census. 
The underlying principle in all these techniques is however very 
Simple, and involves testing the consistency of the census cata with 
other existing data or within itsélf. The data may be either those 
collected for Gomographic purposes such as other censuses, surveys, 
migration statistics, vital registration data. population register 
records or those which exist for other purposes such as educational 
Statistics (for ovaluating particular age qroups), social insurance 
_ Or employment records, voters registration list, tax records ctc. 
ef These arc extemal consistency checks. In the internal consistency 

method, various patterns like age ratios, sex ratios, survival ratios, 
fertility rate, Mortality rate, growth rate ctec. are utilized. 
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| Two simple indirect techniques which are often used are the 
balancing equation and the growth rate method. 


The balancing equation technique works on the assumption that, 
P, as Py + B-D+t+I-EF , where : 


Sy is the population enumerated at second census, P, is the population 
umerated at first census, E and D are the total ndimiber of births and 
deaths respectively occuring during the intercensus interval » L and E are 
respectively the total number of persons who immigrated. into and who 
gmigrated out of the country Curing the intercensts interval. 


Obviously, the balancing couation method can hardly be used in most 
African countries where accurate statistical data on births, deaths, 
in and out migration are non-existent. 


More feasible for many African countries with two or more reason- 
ably acceptable censuses is the use of a modificd version of the 
-- balancing eouation: | 
P, =P, +B~ D, i.e. assuming that net migration is negligible or nil. 
Since BED is the natural growth, one can use the intercensus growth 
rate as an index of coverage of two censuses. 


For exemple, Table 2 gives the orowth rates by sex for the inter- 
census periods 1948 to 1978. The sex ratios of the population also are 
given. 


Table 2. Total ation, sex ratios and annual average wth rates for 
Tanzania, Mainland and Zanzibar, 1948, 1957, 1967 and 1978. 


Country/Area Population Sex ratio Pnnual growth rates 
Beth Male Female 
Sexes 
TANZANT?. 
1948 7744600 «94 a 
1957 — §$084100 94 Loi? eee cy 
1967 12313054 95.2 . 3.04. Sree 2.98 
1978 17512610. ~ -—96.2 3,20 “ Saee 3.16 
MAINLAND | 7 | 
1948 7380400 93 
1957 8788500 aa OP ke 19: 79 
1967 1195654 a ee. 3.08 "Siam 2.98 
1978 17036499 eae 3.22. Seem fn Oy 
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Country /i.rea Population Sex ratio ?nnual growth rates 
Both Male Fomalk 
Sexes 

ZINZIBAR 

48 264200 116 ae 

nese 295600 lil ee 

1967 354400 102.4 1.81 ° Soe ~~ 336 

1878 | 476111 -- 98.8 2.68 2.51 2.84 


Source: For 1948 and 1957 statistics - Bureau of Statistics, Recorded 
| population changes 1948-1967, Dar es Salaam, 1967. , 


For 1967 - Bureau of Statistics, 1967 Population census, Volume I, 
.,, Statistics for enumeration areas, Dar es Salaam, Central Bureau 
of Statistics, 1969. eee ba 
_ For, 1778 ~ 1978 Population census, Volume II, Populatior. by 
age and scx for villages/wards and urban areas, Dar es Salaam, 


Statistics, 1981. 


ae ... The growth rates fluctuated from less than 2 during 1948 to 1957 
to. more than 3 during 1957 to 1967 and 1967 to 1978. The low growth 
between 1948 to 1957 is. attributed to some under-enumeration in 1957. 
The increase in the sex ratio also is indicative of better coverage in 

recent years, as normally we would have expected a fall in sex ratio. 

It is suggested by the analysts of the 1967 census that in 1957, there 
may have kesn more under-cnumeration of females than males. Since 
males were subject to 2 taxation system, there could have been an under 
reporting of males also. Since changes in growth rates and sex ratios 
Should be within reasonable limits and the values themselves should lic 
in certain ranges, this method is a good diagnostic tool in the. evalua- 
tion of coverage of censuses. ie 


Another variation of the balancing equation wherein we consider 
only those already alive at an carlier census and compare them with the 
Survivors, is based on the version of tke balancing equation: 

Po = P, ~ D, where P, are the survivors of the population PL at an 


earlier count and D is the number of deaths among the population: P|, 
Survival ratios of cohorts arc calculated and compared for evide- 1 

nees of omission, duplication or age-Sex reporting errors. To remove 
Som of the inherent errors due to age-Sex reporting, we can use-overall 
Survival ratios. Table 3 gives Loth tho usual cohort survival ratios 

and overall survival ratios by sex for the period 1968-78 (For cor venience, 


oe en is projected to 1968 from tho availeble census values of 
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£9 
The relatively larce survival ratios, esncially for males and the 
esc chig that some ratios are even higher than one, suegests that either 
lere waS some Over-enumeration in 1278 in these aces and sex groups, Or 
correspondincly there was scan . i i . Bop r,s 
: as ne under-enumeration in 1967. Z2pparently, there 
was some under~enumeration of males in 1967 and it looks that the 1973 count 
might have heen more complete. 


The problem with these technicues, however, is that it is not always 
easy to Cetermine whether the fault lies ore with the first than with the 
second one. Additional consistency checks will have to be undertaken to 
determine the magnitude of the error in each. 


The particular methods to be used to cetermine the accuracy of the 
census, as far as coverace is concerned, will depend a lot on the range of 
statistical data available in a particular situation, but in the final analysis; 
there is no substitute for a strict policy of rigid quality controls and | 
supervision at all stages of an enumeration. 


Takle 3. COBORT SURVIVAL RATIOS AND OVERALL. SURVIVAL RATIOS - PY SEX, Tanzania 


(1966-78) ; 
Cohort Survival Patios 

0 
Age Population Population Survival. Population Population Survival 

aged x in aged x +190 ratio aged x in aged x +10 ratio 

1968 in 1978 1963 in 197% 

Q- 4 1124298 1066645 - 2427. (11428219 1034802 - 9008 
5-9 1006237 241346 ~6361 — |. 997625 877040 - 8802 
19-14 °677263 586585 8662 608829 747518 1.2196 
15-19 528292 610325 11553 587936 703546 1.1955 
20-24 389968 457537 Pekiss 559473 504796 -9023 
25-29 475323 £39515 29247 5829399 446637 . 7578 
30-34 369548 321487 s8E99. 414003 345707 , 3423 
35-39 351506 320391 .9115 '~ 342908 311951 -9044 
40-44 228696 253611 OA he “243507 237952 -9735 
45-49 260318 205252. 7885 238307 175181 Ay ess 
56-54 183517 172414 2395 $9136 173357 .9166 
55-59 312299 124310 1.1114 195737 116055 1.0°76 
60-64 113939 193946 ~9044 120981 91085 - 7528 
65 375081 154933 - 24131 . 3298353 127169 . 3836 
All ages 6196227 5637886. - 9099 €47E496 53892801 - - 9096 


Overall Survival Ratios (0.5.R.) 


ey ion Population 0.85.35 Population Population O.S.R. 

; aed x+/ aged x +10 aged x in aged: x +10 

in 1968 in 1973 1968 in 1978 

+ 619622 5637826 .9099 6478496 SOf2R801 9096 
: . spa 4571241 ,9013 5329678 4857999 9115 
19 + 4065692 3722901 £174 4332050 3989059 .9187 
15+ 3398489 3143321 9276 3723230 3337541 . 8696 
20+ 2860197 2532996 $8356 3135294 2533292 .8082 
295 + 2470227. ..207545° §402 2575821 2029194 .7878 
30+ 1994906 © ~ 1635944 8201 1966422 1592557 - 7967 
35 + 1625358 1314457 . 2087 1572419 1233850 .7647 
40+ 1273852 994066 . 7804 1227511 921398 -7510 
454+ 1045154 760455 . . 47276...... 984004 634847 -6960 
50+ 784836 555203 .7074 - - 745697 509666 -6835 
55+ 661319 382789 .6366 556559 336309 - ° .6043 
60+ 429020 257279 .5275° 450822.:.. 220254 .4886 
65+ 375061 154933 .4131 329833 129169 3916 


4.4 CONTENT ERRORS EVALUATION 


Any error in the characteristics that are renorted is called ‘content 
error'. Thus it can occur in any or all of the characteristics canvassed 
in an enguiry viz. age, sex, marital status, fertility, mortality, migra- 
tion, education, economic activity, household and ageing variables. 
Pn error in one characteristic can vitiate the value of other characteristics 
and some times the inclusion of a particular characteristic may he the 
cause for the error. 


Such errors and biases can occur from erroneous or inconsistent 
reportine or recording, or failure to report or recorc information. 
Ignorance, misunderstanding or resistance of respondent anc carelessness 
or misimderstanding on the part of the enumerator could result in errors 
in data. Clerical, or mechanical errors in editing, cocinc, data processinc , 
imputation etc. could also vitiate Gata. 


Content error could result from coverage error and vice versa. For 
example, in view of extra wor’ invelved in filling detailed cauestions for 
some persons of specific age~sex groums it may be nossible that cnumerators 
either chance the characteristics (ace - sex) of the respondent to avoid 
the extra work or just not do the extra work under one pretext or other. 
Yet a different type of coverage error affecting content is through 
omission Or Cuplication of areas, households and members which could be 
Selective. For instance, the us sual comission of infants anc very yound 
children (of particular sex, sometimes) affects coverage anc at the same 
tame fouls up age-sex data. Another aspect is the problem of coverage of 
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young adult. wales, perhaps because of their mobility or other reasons 
(like heac. tax, military conscription) and of young females cue to social 
and cultural reasons. The method of counting (de-facto, de-jure, time 
reference period for inclusion/exclusion of members) also might jeopar- 
dize coverage and could affect content. . 


ge is an important characteristics enquired into in all demo- 
graphic Surveys but due to one reason or the other in developing socie- 
ties the reported ages are subject to various types of errors and biases. 
Even in developed societies biases have been noted in age data due to 
deliberate misstatement. fonorance, apathy and the feeling that one's 
exact age 1s not very important results in several types of deficiencies 
in the reported age. One of the most important types of bias in age 
data is what is called ‘digit preference error’. Ages are rounded to the 
nearest 5 or 10 and reople are reported most as aged 10, 15, 20, 25 .... 
and rarely as 11, 19, 24, 27 etc. 


_ From Table 4 giving single year of age data for mainland, it is 
Clear that digits 9 and 5 are preferred and digits 1, 3 and 9 are 
avoided. This is more so azong males than females, and more in rural. 
than urban. In order to quantify the incidence of dicit preference 
we present in Table 5 two indices ~ Whipples and Myers - by sex and 
residence. The conclusions drawn on the basis of the raw data are 
confirmed by the indices. "he large value of the indices clearly point 
to the poor quality of single year of age data in the country in 1978. 


Then there is the problem of age preference. If there be any reason 
for preferring to report or record a specific age then one finds that 
large numbers are reported in those ages. For example, if age at entry 
into school is 6 years, then a large number of children from above and 
below that age are reported in that age. If age 18 is considered as 
age for attaining majority and he eligible for benefits or rights 
(voting, marriage etc.) then preference for this age may result. This 
may be true of age which divides the young from the old say, age 30 
or 40. The use of historical event calendars and other references might 
result in ages being reported around those events. Again, preference 
for digits could result from reported years of birth, age next birth 
day etc. It could also be affected hy instructions to enumerators. 
Sometimes, errors in age reported in documents (which might have been 
estimated or rounded up) might result in age errors, if these documents 
are used by the enumerator. Hovever, it is advantageous to have such 
documents, especially for youne children (registration of births 4 
identity cards) because at least further errors do not occur in age 
estimation. Age shifting is yet another phenomenon. Prestige, estima~ 
tion of age based on marital or fertilitv status or physical appearance 
ete. could result in persons being pushed above or below their actual 
ages. The problem of ‘not stated’ ages is another. Also in some cases 
ages may be reported in broad categories like, infants, chilcren, adults 
and old persons. In many socictics age grace cohorts are well reco- 
gnized and it may be possible only to allocate persons to such broad 
categories rather than to single year of ages. 
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Sex is another important characteristics collected in all demo~ 


graphic enquiries. aS 
graphic phenomenon (fertility, mortality, migrat 
growth) , but 
istics (marrl 


It has a central role not only in study of dero- 
ion and population 


also most of the socio-economic activities and character: 


are related to the sex of the population. 


iaqe, household formation, education, economic activity etc.) 


Even though it is not difficult to distinguish between the ? sexes, 
still the reporting or coverage may differ between sexes duc to or.c 
reason or other. 


Table 4. POPULATION BY AGE IN SINCLE YEARS AND SEX 
(Mainland - Tanzania) 


evefos 


AGE MALE FEMALE MALE FEMALE MALE . FEMALE 
- TOTAL RURAL URBAN 

All Ages 3,350,492 #,686,006 7,175,931 7,602,596. 1,174,511 1,083,410 
0 294,731 . #i4:618 “255,373 273,486, .. 39,358 41,122 
1 282,420 290,797 245,820 253,895 36 , 600 36 ,902 
2 297,668 310,751 , 250,781 © 270,938 .. 37,887 39,813 
3 322,327 329,841 284,096 291,548 38,231 38,293 
r 316,146 382,483 280,684 291,372 35,462 37,111 
5 312,907 308,868 278,109 273,373 34,798 35,495 
6 291,415 . 296,106 260,032 . 262,858 31, 383 33,248 
7 262,303... Sehr. 231.923 934 9s 30,560. 32,398 
8 266,482 279,380 237,440 248,107 29,042 31,273 
9 215,549 216,874 192,534 191,665 23,015 25,208 
10 243,707 241,532 218,240 214,105 . 25,467 27,427 
11 165,427 168,016 146,917 147,607. 18,510 20,409 
12 239,120 221,631 215,990 196,290 23,130 25,341 
Re ES: 191,826 184,410 171,324 162,210 20,502 22,200 
Bey i 197,838 192,965 177,392 170,€17 20,446 22,348 
15 189,125 176,427 165,966 154,580 23,159 21,847 
ais 168,900 161,080 146,553 138,905 22,347 22,175 
17 147,287 146,278 126,156 124.616 21,131 21,662 
18 200,581, 232,439 167,078 196,349 33,503 36 ,090 
19 112,726 137,534 89,369 112,594 23,357 24,940 
20 155,134 223,219 124,817 188,129 30,317 35,090 
21 95,856. 110,896 74,495 gg, 739 21,361 21,157 
22 117,798 155,657 89,213 128.440 28,585 27,217 
23 89,599 108,330 67,552 —«87.393 22,047 20,937 
24, 113,273 126,159 85,261 102,352 28,017 23,807 
25. 153,395 198,284 136,752 166,073 36,643 32,221 
. 809 122,184 . 84,073 101,429 25,736 20,755 
27 93,500 97,419 | 71,914 ~—«g.. 7119 21,586 15,700 
140,903 172,713 108,885 146, 405 32,018 26,308 
as £8,095 96,923 77,529 «a2. 354 20,506 14,569 
Q 164,634 212,425 120/552 «193,386 35,082 29,039 


AGE MALE - 53 = 


FEMALE corner 
TOTAY, . ee eer Jae MALE FEVALF 
prota “Se RU ,, 
= 67,323 oes Jina 
94,232 58,906 ~° 5 = UREAN 
33 63 _: (100,894 54,237 ay ae an 
34 7699 5 : 74 324 51,198 
56,36 58 , 069 fee 98.42 13,086 
= ol 51,440 2,42) 7,708 
6 Ug 45 oR - 392 ees aS Si 12,4 3 
37 82,481 145 (322: 105 Pt 53,872 pt 7 ‘nc 
a 55,529 82,021 ae ¢ 126,553 11,106 oe 
8 98,873 105,609 cisco 72,083 Navaay ae 
61,474 03,669 : 43,02 O31 ora 
a e is P 3 4 9 
20 122,333 55,408 ee: 93,724 9,625 ; ace 
oS 38,348 160,109 ire 48 043 16,801 Seee 
3 c , 159 ote eet 10,3 ,945 
69 ,64 33,990 142,25 | me AE 
a 13,307 paren’ aie 30,979 Bed eh nee 
38 A487 42,581 3 Sts 60,025 5 pao 3. 
oe 115,456 , 35,356 pier ay G06 11,149 eee 
Lig. ye a af feds 6 3 ; 
48,309 , 076 ° 32,35 7392 
© Sms Sass 2e,302 105,513 17 3006 
74,60 J g LSI 4 ISO £9,565 phe a 
49 + 606 73.53 32,972 2 é 2,563 
‘ 7538 - 2 ,L46 
so Senate ales cst Task 2a 
1 ha 122,63 , 300 , 8,878 : 
25,547 ieee 84 30,129 6,67 
a noe pe eae ain Bees 505 
0,008 ee 38 3,250 : 11,81 
54 21,76 (373 2751 ato 
31 7 164 34,10 7517 
— 3 ee te 
56 43.626 59,474 5 nae 26 , 354 2,603 16 
fh ee ie ah LS ee 345 BI? 1/231 
8 16,177 dl hed 2 : 7738 
43,174 e 32.999 9,008 6,129 
39 bee lke 42,82 , 099 1 4,163 ? 
23,267 2,829 AA 5,051 f 2,228 
60 22,45 pene 2,127 
oe vacate 01,405 a 31118 3,692 Pe 
¢ ae as at ge eee Lam 
63 : 22,67 7 210 13.03 7,435 : 
rime oe 13,017 14036 502 
65 ae 26,588 4005 13,81] 1,498 
6.360 ed ee 28,40 ,8ll rh 1,499 
66 : 50,97 0408 24,6 7 084 
yal Bose 15,016 et 16,166 pes 1,921 
6E é 11; 234 o 14 ,O17 
29,120 i 15,90 1, 066 4,812 
6° , 25,341 7298 10 L iol 
13,067 E 37,26 ,988 950 
70 f 10,889 2203 23,189 1 25k 
50,156 s 12,36 7189 1 743 
Fi ae 50,124 7 362 10.28 Po 2 
9 395 Yan Loa AE ABA 0 8 7 , ie 
72 ‘ 8,051 Mes AS 9 05 
13,880 Sacks 8.76 45,969 3 592 
73 : 11,666 Dts 7,54 7672 4 
74 11,043 7963 1 631 
59 bogie 14 7IGY 503 
75 mares 6,909 ee 10/088 917 879 
Y 21,735 pie 6,405 770 744 
22,096 pb Ser 556 
: 1,633 


Table (Contd..) 


Table 5. 


MALE FRIAIL PLE FFI ALE lALF. FR ALE 
I ————— : 
TOT? RURAL UPB?I. 
a REIS 
9,437 8,326 8,799 7,809 638 517 
6,518 4,°36 § ,097 4,688 421 298 
18,840 14,544 17,793 13,6406 - 1,047 904 
5,832 4,173 5,460 3,933 372 240 
20,877 21,664 1° ,59 20,014 1,285 1,650 
3,462 2,535 3,351 2,304 lil 181 
5,062 4,164 4,815 3,295 247 169 
3,016 2,496 2,081 2,394 235 102 
3,081 1,891 2,925 1, 7 156 116 
7,778 6,747 7,382 6,396 396 441 
2,853 1,668 2,747 1,554 106 114 
1,968 2,007 1,268 1,946 100 61 
4,000 2,€32 < Pei eg, 2,430 Z23 152 
3,°65 3,633. 3,752 3,449); 213 124 
29,555 19,913 27, 888 18,541 .-.: -1,667 - 2,372 
DIGIT PREFERENCE INDICES (WHIPPLES AND MYERS) BY SEX-RURAL, 
URBAN ___= Mainland : 
vhipples Index 
MALE FEMALE MALE FEMALE 
183.3 161.5 181.5 


So M 
_ Rural 
E 


IM 


Urban 
F 


oe xem Cn a 


163.2 


Blended Percentage and Myers Index 
Digit ee 3 


5020 Os9-) 9.7. 7.5 8.5. 1és$eegrs  7.9---13.1 “9. gon 


2 


eae 


8 . 


oeef95 


9 


_9__index 


16.4 5.9 9.8 6.9 8.9 14.3 8.8 6.9 13.5 7.5 42.4 


15.0. 6.7 10.2 7.3 8.2 14.2 9.4 -7.7 12:9 8.5 4.6 


17.3 6.4 9.6 7.2 8.0 14.1 8.6 7.1°13.4 8.4 29.6 


sted example, due to fear of evil eye, prestige or value of children, the 
reporting of children of a particular sex may be deficient or defective. 
Instances of Sex seing wrongly reported also have been noted. Omission 
or duplication of persons of one sex may be more or less due to method of 
enumeration, coverage, mobility, cultural practices etc. Also the 
 Yeporting of ages differ by scx. In most cases, ages are revorted by 
male members of houscholds (heads or most knowledgeable persons) and 
the estimation of female ages may be more in error. This becomes nore so 
when the enumerator may have no opportunity to see the persons concerned. 
The tendency of over-estimating aces of females when they are married 
and have several children especially when they are in their early teens 
and under-estimating ages at older ages due to fertility status (to be 
included in reproductive ages) have been noted. For males, the problem 
May oe more in respect of over-estimation of age due to prestige for old 
age in the society. : 


Sometimes, cnurerators nay not enter sex of members because “this 
Can ke inferred from the names. But in societies when names are same or 
Similar, imputation of sex in the office can result in errors. Coding 
also may result in further errors if code 1 is used for males:and 2 for 
females and the writing of codes is not legible and possibility for mix 
up can occur. (e.g. 1 can look like 2, if not proverlv writton). It is 
advantageous to use codes 1 for male anc 3 for female. 


Even though single year of age-sex data seem to he riddled with a 
large amount of error, perhaps by grouping the data, some of these ~ 
errors may be removed or at least reduced. Table 6 presents data hy ~ 
five year age groups. Even though the smoothness has certainly improved 
over the single year values, still some undulations anc fluctuations 
are obvious. One measure to study the fluctuations is the United 
Nations score method. .In this, separate age ratios by sex and sex | 
ratios by age are calculated and in normal circumstances, these ratios 
~ ghouJd nct deviate much from each other and from 100. 


Table 7 and 8 show the results for 1967 and 1978. It is clear 
that there is an improvement over time, female data is poorer, and. 


~ mainland is better than Zanzibar. According to the UN, if the score is 


less than 20, then the data may be considered acceptable. Beyond 40, the 
data arc classified as very inaccurate. Since the values are much 
higher than 40 in all cases, it can be concluded that the quality of the 
data leaves much to he desired. From Table 9 and 10, we note that the 
quality of data in Tanzania is not much different from those.of neigh-. 
bouring countries. The fluctuations of age ratios and the specific 
pattern of ‘sex ratios clearly indicate th= age prefereness; age shift- 
ing and other reporting errors. Exaggeration of ages is also evident | 
from the unusually largé proportion of older persons, especially among. 
males and this is confirmed also by the survival ratios in Table 3. 
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Table 6. POPULATION BY SEX Ary 
Tanzania 
AGE. MALE FEMALE. MALE FEMALE MALE FEMALE 
TOTAL RURAL © URBAN 
TOFAL 8,587,086 8,925,525 ° 7)337,247 7,762,462 1 7,249,839 1,163,063 
Q-- 4 4,557,979 1,620,439 1,356,977 1,413,054 201,002 207, 385 
5 - 9 1,391,221 1,412,285 1,230;559 1,241,430 160,662 170,255 
10-14 1,066,645 1,034,802 949,775 907,497 116,870 127,395 
15-19... 841,340... 877,940 710,856 742,298 130,484 135,642 
20-24. 586,580 742,518 450,409 607,677 136,171 134,841 
25-29 610,325 703,549 468,225  -, 588,069 142,100 115,480 
30-34 - 457,537 504,798. . 361,005 436,116 95 ,632 68,582 
35-39 439,515 446,637... 359,620 391,070 79,895 55,567 
40-44. . 321,487 348,707 |. 269,213 311, 9 ey 2274 36,988 
ahr “ape 313,951 5. <276,220 281,506 44,171 30,445 
M54... 233,611 ... 237,052 «, -,206,735... 214,866 26 , 276 22,186 
55-59 205,252. 175,181... 184,048 160,431: 21,204 14,750 
60-64 172,414 173,357. 157,280 159,447. 15,134 15,910 
65-69 -.124,810 116,055 : 114,883 106,012 9,927 10,043 
Bk iro) 046 91,085... 95,495 83, 396 7,551 7,689 
 75= #156... 34.700 “61,532 50,12 4,618 3,888 
80+ 88,783 72,469 83,515 67,152. 8,968 5,317 
TOTAL 8,350,492 8,686,006 7,175,981 7,602,596 1,174,511. 1,083,410 
0 ~4. 1,513,292, 1,574,490 1,325,754 1,38) 249 187,538" ~ ::193,241 
5 = 9° 1,348,735 1,368,340. 1,199,938 1,210,717. 148, 727 = -*<157;623 
~*10-14 1,037,919 1,008,554. 929, 864 890 ,829 1087055 117.725 
er a Bes | re = 695,122 727,044 123,497 126,713 
. | 441 ,339 596,082 130,327 128,208 
ote 595,702 687,532 459,213 377,980 136,489 109,552 
x 446,249 491,639 354,808 ~ 427,151 91,441» 64,488 
429,528 = 437,429 353,208 — 385,097 76,520 52,332 
pio es aie sear 263,108 304,603 49,011 - 33,714 
3 7961. 271,465 277,602 41 

ae a > ag pe 201,655. 209,686 ares | 19, 740 

- Sane 168 _-:181,256" 158,513. «19,602. 13, 
. pie She 160448 152,587 155,391 13/296 13/904 

- 6 946 112,770 ~—«-:104.697 8,921 4 
70-74 = 99,217 87,7 0 ore ia 9,249 
15-79, 64,031 «53/763 aa 50/171 Noe ae 
80 7 85 618 69.347 2 , 50,171 4,186 3,592 
7 61 34 0,977 64,806 4,641 4,541 
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Table 6 (Contd...) 


Zanzibar - 
ME IE FEMALE VALE PEALE MILE FEMALE 
mOPAL, FUDPT, UPBAN 
TOTAL 236,592. 239,519 161,266 .. 169,865 75,306 9a 65a 
Boa 446e7) 45.949 ~ 31,223 1,205 f 
5-9 42,486 43,945 i aa AG ent? 
: 13,945 30,621 30,713 11,865 14932 
10-14 28,726 26,248 19,911 16,578 8,215 9,670 
15-19 22,721 24,182 15,734 15,254 6,987 2,628 
20-24 «14,814 ~=—«:18, 259 $0 2 
, O14 (350 ©0670 41.625: 5,844 6,634 
25~29 14.633 165017 ©0912 10,089 - nee : 
25-29 : : 08! 5. Gt 5,928 
0-34 11,283 13,159 7,097 2,965 4,191. aes 
35-39 G38 S209 6,412 5,974 3,575 3,235 
40-44 9,360 10,382 — 6,105 7115 3,263 3,274 
A540 7.551 5,090 4,755 3,304 2,796 2, 0&6 
50-54 7,488 1,626 5,080 5,180 2,403 2,446 
55-59 4,304 S013. 2,792 fois> «1, 602 1,695 
60-64 6,529 6,072 4,693 4,056. 1,836 2,016 
65-69 3,118 #109 2-413 1315 1,005 794 
70-74 3628 3,254 «2, B23 2,388 1,005 906 
75-79 1,719 637° 1,287 641 432 296 
30+ 3165 8491 2,538 2,345 627 716 


Table 7. AGE RATIOS, SEX PATIOS AND JO SCOPES, Tanzania, Mainland and 


Zanzibar 
Tanzania © 
Sex ratio Age ratio 
ACE 1967 1978 1967 1978 1967 1978 
Pa anh RS en OR acer rnc arco 

Q0- 4 96 96 : 

5- 9 101 99 112 16 114 1Ccé 
10-14 lil 163 88 96 V7 90 
15-19 30 96 99 102 101 99 
20-24 70 79 7R& #1 95 G& 
25-29 31 87 125 117 121 113 
30-34 . 89 Al 89 37 go | 
35-39 102 ‘OS 11é 113 105 105 
40-44 94 92 75 85 83 92 
45-49 94 193 126 9 Ba ao" 110 107 
5-54 109 99 96 8° 110 97 
55:-59 97 117 76 101 62 85 
60-64 106 100 119 105 133 Ly 
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Table 7 (Cont...) 


Age Sex ratio Age ratio 
9967 1973 1967, 1978 1967 1978 
¢5-69 94 103 $0 Oo] 61 28 
All ages $5 S6 rae 6 E 
Scores 10.9 8.8 15. 10.0 15.5 9.9 
Mainland. 

O- 4 98 96 ae ie . 
5-9 101 9° 121 19 113 106 
10-14 111 103 89 26 sie 91 
15-19 90 86 29 102 lol 99 
20-24 7 7S aid 381: 95 94 
25-29 30 Re) 125 117 122 113 
30-34 89 91: : Bg 87 88 37 
35~39 101 985 118 113 106 105 
40-44 4 92:57 74 84 82 o1 
45-49 108 102° 128 116 112 108 
50-54 97 90" 97 88 198 6 
55-50 105 117° eT) 103 70 86° 
60-64 103 og 116 -103 130 112 
65-69 103 107 92 82 RA 89 

. All ages 95 £6 

‘Score ESS 8 45.6 10,2 i io - O26 

Zanzibar . 

O- 4 O54 $7 site 

ee 97 97 12° able _ 139 122 
10-14 123 109 - - Toes. (8S 55 77 
15-19 94 2 104 20 109 
20-247: FgGTe 82°, 60: -,, 86 109 Sl 
25~29 89 91 120 112 106 102 
30-34 ol 86 10¢ S lig 104 
35~39 126 19€ o3 97 6S g 
40-44 «9g 90 112 107 152 137 
45-49 145 126 77 a9 53 67 
50-54 153 9g 150 125 221 169 
55-59 165 146 59 63 33 4g 
60~€4 119 107 223 174 323 237 
All ages 101 101 

Score 33-3 21.8 2.9 20.6 56.8 36.8 


Table 8.. U.N. JOINT SCORES 1967 ana 1973 - Tanzania, Mainland anc Zanzibar 
$$$ Se ton2ania, iaintand anc. Zanzibar 


Tanzania | Mainland Zanzihar 
1967 197§ 1°67 1°78 1967 1978 
et a SSS, 5S Rh 
U.N, 
Joint 64.0 45,6 64.6 45.6 189.6 122. 
Score 


ree a ee eee 
Table 2°. AGE RATIOS FOR TANZANIA COMPARED WITH THOSE OF SORE MEICHROUPING 
Onn OO ee eEeereerrnrnme 


COUN COUNTRIES 
Age Kenya (1969) ‘Tanzania (1967) Tanzania (1978) Uganda (2969) ee 
et (1968) 
ed 103 Ti? 106 oT) on 
so ae | | | 


F _104 113 186 101 : LOE 


. 60 = 


Table 10. SEX PATIOS BY AGE FOR TANZANIA COMPARED WITE THOSE OF SCOPE 
NEIGHBOURING COUNTRIES 


Tanzania (1967) Tanzania (1978) Uganda (1969) Zambia 


Age Kenya (1969) 1o6it 
ee. 2) ees See 
0-4 1¢cl 98 Sé 98 $7 
5-93 103 101 . 99 1e9d 99 
10-14 108 lil 103 116 197 
15-19 193 CO 96 109 94 
20-24 95 70 7S go 70 
25-29 85 S1 87 93 78 
30-34 94 89 91 102 81 
35-39 95 102 98 10° 99 
40-44 6 -x: 94 : oe, aS 1S4 102 
45-49 105 10° 103 113 112 


2. look at the sex ratio at young ages indicates some relative 
omission of male more than female children. The percentage distribution 
given in Table 11 indicates fluctuations and also the nossihilityv of 
relative under-<enumeration at age 0 to 4. One method to check coverace at 
“young ages is by the method of reverse survival. ‘The reversed populations 
based on the enumerated chiléren aged © to 4 in 1978 for the pericd of 
five years before the census would give the kirths of 1973 to 1978 from 
which one could Cerive birth rates anc compares with emected birth rate 
and sex ratio at birth. Using North model life tables level 11 and 
growth rate of 2.7% during 1973 to 1978, we estimate an annual average of 
384400 male and 389000 female births resulting in a sex ratio at birth 
of 99 and crude birth rates of 48 for male and 46 for fomales. The 
estimated crude birth rate is 49 and sex ratio at birth more than 109. 

On both counts, it looks that some. children_have been omitted.. 


} In regard to marital status, the confusion between ‘single’ and 
‘never married’. can result in errors. Also. there is possibility of 
reporting of 'divorced' or'separated'’ persons as ‘married’ and also some 
'widows' or ‘widowers’ as ‘married’. Again age estimation may be based on 
Marital status-and hence can affect both chracteristics. | 


In respect of fertility information, in addition to age errors, 
the problem of under reporting of births, memory lapse, vagueness about 
time reference period etc. micht vitiate the Gata. There could te 
selectivity in reporting of births by sex (in one case, it was noticed 
that since fertility question was meant only for female population, 
information also were only collected on female births). It is advanta- 
geous if data were collected by sex of children which then could he 
used for evaluation of the data. 
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Zanzibar, 1978 = 


AGE GROUP MALE = FEMALE MIF = FERDIE: MALE FEMALE 
TOTAL RURAL URBAN 
Tanzania 
% % % S $ z 
Oca 18.14 -18.16 18.49 18.20 16.08 17.83 
Ga 16.20 15.82 16.77 ~ 15.99 12.85 14.6° 
10-14 12.42 11.59 12.94 11.69 - 9256 10.95 
15-19 "19:80 - 9.84 9.69 °.56 10.44 11.66 
20-24 mp3. : 3.32 “6.14 7.83 10.90 11.59 
24-29 IAL 7.88 6.38 7.58 11.37 $93 
30-34 5.33 5.66 4.93 5.62 7.65 5.90 
36-90 8 5.12 «5.00 2,80 5.03 6.30 4.78 
20-44 3.74 3.91 3.67 4.02 4.18 3.18 
45-49 3.73 3.50 3.76 3.63 joes 2.62 
50-54 2.72 2.66 2.82 2.77 2.15 1.91 
55-59 RS 1.96 2.51 2.07 1.70 a7 
60-64. meat <2 3-04 « ea 2.05 1.21 1.37 
65-69 = 1:45 ~.1.30 2.57 1.37 “78 36 
We cod. 1.02 1a 1.07 + | 60 ae .66 
sega eo. 6. eke 65 pee 33 
80 + 1:03 gi. aes 87 Met > cs De 
Mainland 
0-4 aes? 192130 2 ge 18-17 15.97 17.84 
g 26 846 15.75 - 16,72. ~15.93 12.67 14.55 
10-14 19.43 11.61. 12.96 11.72 5.20 10.97 
15719, 0.90. 9.83 9.69 S56 + Ost 11.70 
20~24 fhe: | 8.34 6.15 704s - 1ikO 11.33 
25-29 7.13 7.92 6.40 7.60 11362 10.11 
30-34 5.34. 5.66 4.94 S62. 7.79 5.05 
35-39 6-44 5.04 4.92 5 07:: 6.52 4,83 
40-44. as Ba74 3.89 3.67 4.01- 4.17 3.11 
15-49 75 3352 3.78 3°66 3.52 2.62 
50-54 Cer. 2.81 2.76 2,08 - 1.82 
55-59 2.41 1.98 5.53. 2.08 Lage 1.26 
60~64 1.99 1.95 2.13 2.04 1.13. 1,28 
65-69 ig 1.31 eee 1,38 SF. 2.85 
70-74 £19. 1.01 1.29 1.07 56 “64 
75-79 71. 62 84 66 “36 .33 
80 + 1.03 80 1.13. “25 39 42 
Zanzibar 
0-4 18.89 19.18 19.36 19.89 17.27 17.76 
aed 17.96 © 16.35 18.99 19,21 15.75 16.61° 
wae /63 


NF GROUP MALE FEMALE PALE FEMAL MALE FEC LE 
: 
TOTAL RURAL URBAN 


10-14 12.14 10.96 12.35 - 38a 270. 22cae 
15-19 9.50 10.10 9.76 G54 $.23 ll.2i 
20-24 6.30 7.62 5.62 T27 776 ~~ @3a0 
25-29 6.18 6.69 5.59 6.31 7:45. “788 
30-34 4.77 5.49 4.49 5-61 5.56 ee 5 | 
35--39 4.22 3.84 3.98 3.74 4.75 4.06 
40-44 3.96 4.34 3.79 4.45 4533>.. Rae 
45-49 3.19 2.50 2405 2.46% 5 oe diane pee 
50-54 © 3.16 3.18 3215 2.24 eau 3.07 
55-59 1.86 1.26 g ag 1.20 pe i NS A 
60-64 2.76 2.54 2.91 2.54 2244" .-2552 
65-69 1.32 88 £ 3k -82 1.33 —1.00 
70-74 1.62 1.38 L615 1.49 y Sie: iia Bias 9 
75-79 Fa 2 39 - 80 -40 ET ot 
80 + pa 7 1.30 Lae 1.47 - 83 87 
Misunderstanding of the cucstion also can affect data. For rple, 


report on children ever born alive may exclude children who died 
(especially if it occured in early childhood and a long time ago). 
Instances have been noted where children who are now growm up but still 
living may also be omitted because they are no longer ‘children’. ~ . 
Question on children born in houscholes during past year may be affected 
by the fact that such births occur to m«bers who may not bc present 
during the survey or may not -ven be usual members of houscholds. If 
questions were directed onlv to those members who are usual members at 
the time of survey,’ then births to persons who dicd or moved out may he 
left out. In any case, the exnericnce’ has beeri that a larae number 6f 
events are not recorted in such enquiries and indirect methods have to 
be used to estimate the level of fertility, if not the pattern. 


This is more so in respect of information on deaths. Cuality of 
information on deaths in households during past year has been very poor. 
One reason for breakup of households could be a Geath and in any case, 
Geath is a sad event and no one likes to be reminded of it and the 
earlier it is forgotten, the hetter. As mentioncd earlier, reporting on 
number of children dead for mothers also might be affected by selective 
omission. Sometimes question is asked on year of birth of last child and 
its survival status. In such cases, the question of year of birth may 
be affected by memory lanse ‘anc difficulty for people to. identify the year 
to which the birth of the last child belongs. It is sometimes noted that 
many events of past 2 or 3 years are reported as having occured during 
last year. There is also the possibility of omission of a child who- 
died immediately after birth. 


cen fea. 


; There are sume questions vhich are included in questionnaires to 
arrive at estimates of mortality viz those on parent, spouse or sibling 
Survival. In addition to age reporting errors; there is also the problem 
of foster parents, remarriage, selective survival etc. affecting the 
information. 


sae Some of the methods also need information on mean age at birth of 
children (for females and males) which again may be difficult or outright 
unacceptable. 


In study of migration the method of enumeration, the coverace and 
the question to distinguish the mover from the non mover may all contri- 
bute to‘biases. In many socictics, the place of birth may be where the 
mother went for delivery which may not have much to do with later move- 
ments. Place of previous residence, (at a specified time or otherwise) 
may also not bring out a truc picture of movements. The auestion on the 
rural/urban nature of place of birth or previous residence etc may he 
confusing when the status of the place may have chaneed since the movement. 
Changes in names of places, area changes etc also may result in problem 
in ‘identification of locations. “here is also the tendency for people to 
report the nearest town as place of birth or previous resicGence even 
though the actual places may he the village around the town. 


The cuestion of duration of residence should also be handled 
carefully. Instances of non movers being given their age as duration of 
residence in the place of enumeration are not rate. Rounding problems 
also are observed in reporting of duration. Problans in editing, coding etc 
also may result in further deterioration of data as ¢.g., when no cis~ 
tinction is made between persons moving from urban area to another 
urban area within a district (urban to urban intra district migrant) 

- from those moving within the same urban area in the district. This is 
“true of intra district rural to rural migrants also. 


: When it comes to international migration, the problem may.be more 
difficult where tendency for wrong reporting of nationality, citizenship 
and place of birth may be higher. This may be due to political, phycho- 
logical, geographical or historical reasons. Sometimes, it may even 
-‘gesult in under-enumeration. | 


ae In this connection it may be worth while to consider carefully the 
“euestion of colléction of data on ethnic, tribal, language, religion and 
other such characteristics. In cases where such questions may. create 
fear or suspicion in the minds of the population, it may be advisable not 
to collect these information in a survey even though these infomation 
tay have very great valuc to the sociologist, anthropologiest, planner etc. 
' “Instances where the inclusion of questions on such aspects have led to 

poor enumerations are many. 

In regard to informetion on educational characteristics thare is 

the problem of status climbing by some and reporting educational attain- 
“ gtent higher than actual for prestige. Sometimes it could he due to 

- “Ggnorance when a child who has appeared for an examination but whose result 
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is not announced, is reported as having attained the level of the examina~ 
tion. There is also the confusion in some cases as to whether the level 
attained is the one he has completed or the one he is attending; - The 
problem of distinguishing between the literate and illiterate 1s yet another. 
There is also the problem of educational statistics affecting age report: 
ino whereby the age of a child is estimated by his level of education he 

is attending. Instances where a child is assigned a date of birth 

(date, month and year) on enrolment into a school are well. knowm. In 

one country, it is noted that a large proportion of children who have 

gone through school are found to be reported as born on lst of January of 
various years and this is duc to assignment of 1] January as date of 

birth at time of enrolment. On. the whole however, data from educated 
respondents are found to be better than those from the uneducated ii 
excepting those items whore deliberate misstatements play an important role. 


Coming to information on econamic characteristics, there could be 
genuine problems in definitions, concepts etc. Status climbing is actcd 
in respect of economic’status, occupation etc. 


Since, in many cases,’ information on-marital status, fertility, 
mortality, migration, education and economic activity etc. are only 
collected on special segments (ag. ~- sex) of the population, and the 
details could be time consuming, there has been notec to be a tendency 
for enumerators to alter ages of respondents to reduce the work load, 
especially when there is no special payment for the extra work. However, 
when payment is according to numbers of schedules canvassed, an opposite 
tendency to include ineligible persons has:alse been noted, resulting in 
errors in age and economic characteristics, © 


| One of the observations on data on households has been that there 
- is a tendency to under represent one person houscholds, especially in 
urban areas. The selective coverage of nersons within houscholds may 
alter house hold composition and structure. Another observation has heen 
that when questionnaires have a fixed number of lines for members of 
households (say 10) then cither due to inertia on the part of the 
chumerator to continue with cnumeration of members of large households 
(with more than 10 members) or due to improper processing, a dispro- 
portionate number of houschoids tend to be reported with members equal 
to number of lines (10 say). Cne dodge has heen to increase the number 


_ Of Lincs -in the schedule and the cther is strict supervision to ensure 


that continuation sheets are used for large houscholds and marked and 
identified as such. 


Very little evaluation has been carried out regarding qualit; of 
information on housing characteristics. Firstly, the problem is lack of 
knowledge and information and secondly lack of interest of dGemogranhers 
in such purely non darographic characteristics. Fven it. has been — 
questioned whether a population census is an anmropriate forum to collect 
information on housing. «However, having collected the information, it 

1S essential that they. be. evaluated, analyzed and ut‘lized. This is tnte 
of information on physical status - which a few countries have collected 
in their censuses. . Put housing characteristics will form an important 
aspect of houschold surveys and there is need for evolution of techniques 
for evaluating, analyzing interpreting anc utilizing them. 
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De DATA PRESENTATION 


__,Pven though tabular presentation of data is an essential pro- 
requisite of the analysis of the information. some intermadiate staqes 
of analysis may be needed to arrive at ideas about the data, the ir forma~ 
tion portrayed and the tynes of evaluation and analyses to be attempted. 


Graphic presentation of data is an extremely useful and flexible 
medium for explaining, interpreting and analysing numerical facts by means 
of points, lincs, areas and other geametric forms and symbols. ‘They make 
possible the presentation of quantitative data in a simple, lucid and 
effective manner and facilitate commarison of values, trends and relation~ 
Ships. lioreover, graphical representation ar2 more effective in creating 
interest and in appealing to the attention of the reader, they can be 
grasped more casily and with clarity, they are comprehensive and better 
balanceé than tabular presentation and cannot only save space and time, 
they are also more revealing and stimulating and aid in analysis and 
interpretation. 


= Pe hs RECTILINEAR CO-OPDINATE CHARTS 
Arithmetic line chart 


The arithmetic line chart is one of the several types of recti- 
linear co-ordinate graphs and is obtained hy plotting one or more series 
of figures on a co-ordinate surface in which the successive points are 
joinec. together in the form of a curve. It is particularly effective in 
portraying time series such as movements or trends over a period of years 
or variations covering shorter periods lic months, days, hours etc. 


Figures 6 and 7 respectively give the sex ratios by single year of 
age for Tanzania mainland as obtained from the 1°78 census and perc ant 
distribution of the mainland pooulation by age and sex for 19¢7 and 1978 
by sex. 


Bar chart 


Tho bar chart is another most useful and simple technicues in 
graphic presentation. It is particularly appropriate for cayparing the 
magnitude or size of co-ordinate items or of parts of a total. The ~ 
length of cach bar or of its components is proportional to the quantity 
or amount of cach category represented. The bars are arranged in order of 
size starting with the largest and they are presented horizontally. 
Sometimes, the bars are arranged alphabetically, geographically or other 
systematic ordering of data. The width of the bars should be uniform 
and the space betwoon bars should be around half the vwicth of the bars and 
the proportion of the length of bars and the total height of the chart 
should be maintaincd for aesthetic purposes. 


Sanctimes, a Single bar may be subdivided into component categories 
- « . @ ° v3 - 
by appropriate shading or hatchinc. A har chart with bars presentea 
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vertically is called a@ column chart and this type of chart is valuable 
in portraying time series, especially if the number of plotted values is 
not very large. ; 


Histogram or frequency histogram 


A histogram consists of a set of rectangles having bases on a 
. * . 7 ea 
horizontal axis with centres at the class marks and widths caual to the 
class interval sizes and areas proportional to class frequencies, 
1c. a class having double the width will have only half the height for a 
given frequency as compared with a class with nomal width. 


Pie chart 


A pie chart is yet another graphic method of presenting data and 
sometimes more vivid than the subdivided or seqamented or component bar 
chart. A circle of appropriate radius is Grawn and segments marked 
proportional to frequencies or amounts of the catecories. Fither the 
degrees portrayed by secments could be marked or it is possible to use 
protractors marked in percentages rather than in degrees. It is 
aesthetic to arrange categories according to relative size and the seq- 
ments may be marked by proper hatching or shading. Labels should as far 
as feasible be put inside the scgments or just outside. It is advisable 
not to have several categories represented- perhaps four to six may be 
ideal. Also care should be taken to distinguish even the smalicst cate- 
gory appropriately. 


Population pyramid 


Population pyramid is a very effective and widely used method of 
graphically depictina thc age-sex composition of a population. It is — 
designed to give a vivic picture of the age-sex structure of a population, 
indicating either single ages, 5-year groups or other age combinations. 
The basic pyramid form consists of bars, representing age groups in 
ascending order from the lowest to the highest, placed one over the other 
resulting in the shape of a pyramid. 


Usually bars for males are presented on the left of a central 
vertical axis and those for famales on the right. The length of bars 
at any age will represent cither the absolute number or the percentage 
to the total. Generally age is indicated in the central cortical axis 
or either to the right, left or both depending on space, display 
necds etc. In general, the ace groups in a given pyramid must have 
the same class interval and must be represented by bars of equal thick 
ness. To minimize visual distortion, at 1S advisable to have the thick- 
ness of a bar such that the resulting pyramid has & vase about 1.5 times 
the height. For comparative purposes, it is advisable to have the ratio 
of the thickness of a bar to the distance for a unit amount or 18 on 
the horizontal scale to be the same. Generaily pyramids are drawn with 
five year age group data. Howover, usually five year of age group — 
information is available only to age 80,85 or 90._ It may be sufficient 
for many practical purposes to truncate the pyramid at the highest five 
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FIGURE & .....POPULATION PYRAMID FOR TANZANIA MAINLAND 
; AND FOR ZANZIBAR 
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Fig. 9. RURAL POPULATION DENSITY By DISTRICT 4978. | 
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year age group resulting in most cases with 15 to 17 classes. In some 
countries; five year of age group data may be available only for certain 
young age groups and for older agcs broader age groups like ten years 
may be presented. In such cases either it is preferable to prepare the 
pyramid for ten year age group data, or split the tcn vear group data into 
five year groups by using interpolation methods and present the resulting 
pyramids with five year groups. . - 


--In drawing the pyramid with percentages, it is necessary to calculate 
the percentages on the basis of the grand total for the population 
cere the population in a terminal age group and for the two sexes 

ogether. : | 


Figure 8 presents the population pyramid for Tanzania mainland and 
Zanzibar. 


Density charts 


A conventional way Of representing population density in an area 
is by shading or hatching on the map. Greater densities are represented 


_.. by darker shadings. It has to be kept in mind that since the densities 


are usually available for larger units of areas, the averaging process 
may hide sane of the internal variations in densities. The smaller the 
areal unit for which the information is available, the better and more 
realistic will the representation he. ee f4i es 

Figure 9 presents the density chart for rural population of 
Tanzania, 1978. ; 


Dot maps 


The carmonest method of representing the distribution of the abso~ 
lute number of inhabitants is a dot map, in which a small dot or spot of 
constant size represents a round number such as 100 or 1000 etc. - For 
highlighting population concentration in specific areas within a given 
unit of area, it may kc necessary to arrange the dots in a way that 
conveys the concentration and its size. For example, in maps of popula- 
tion distribution for a country or area containing both thinly settled 
rural territory and large urban agglomerations, dots of a different 
colour with a higher value may be advisable. Circles of varying sizes 
also may be utilized with areca proportional to size of population, 
fixing the size for the largest place so that, as far as feasible, 
circles do not overlap and otherwise blur the picture: . If they do over- 
lan, different shadings may be used to distinguish thom. ~ 


Flow maps 


~An example of charts in perspective projection is the flow map 
which is especially useful in the study of migration. In these maps, 
arrows of varying width indicate the volume and direction of migration 
indicating origin and destination. The width of each arrow is directly 
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proportional to the volume of migration anc. the Length and position of 
the arrows identify the areas of origin and destination. The exact 
position and curvature of the curves can be modified to suggest the 
principal routes of the micrants. The arrow may reflect a division of 
the iigrants from a given origin into several streams or a fusion of 
streams into a single current. 


5.2 LOGARITHMIC AMD SEPT LOG PAPERS AND LOGIT FUNCTIONS 


Inthe presentation of data, in addition to use of ordinary granh 
paper (where the axis are marked in linear scale) sometimes we use 

qraph papers where cither one or both axes are in logarithmic scale. 
_Such papers are callcec semi logarithmic (one axis in log scale) or double 
logarithmic (bcth axes in log scale) papers. ; 


For oxaiiplc, in the linear model for population growth (also 
known as arithmetic growth model or’simple interest law), the cquation 
for population at a time t is given by: 


PL = Po (1 +rt) where 


P.= Pop. at time t, P_ = Pop. at base period, r zarithmetic growth rate, 
atid t= no. Of years. since base period. The graph of this function with 
population on the y axis and time t on the x axis will be a straight line. 


On the other hand, if population were growing by geometric law 
(campound interest law) then the equation will be: 
. P. = Ps (4 r)* 
In this case, if we take logarithm of both sides, we get 


log P, = log PL meE1og (L422), 


which has now a lincar form. Hence under geometric law, if we plot 
log PL On y axis and time t on x axis, we would find a straight line granh. 


as The same would be the case if growth of population were by 
ie eas law (compound interest law calculated at every micro units 


Py = PB. e vhere © = exponential function = 2.7183. 


Here we take logarithm either to base 10.or ec and plot these values on y 

axis. Thus in the above 2 cases sami log papers would be useful and plot 

would indicate lincar form. ; Thus when the interest is in study of - 

amount of growth, the ordinary qraph naper will be sufficient. But 

when we need the relative growth or rate of change, .wo use log scale and 
If we consider the equation: 


b pier en 
Y = ax, then if we take log of both sides we cet 
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logv = loa+bh log x 


Under such a function, it we plot the int 
con No X¥ GE S on a double log paper, wo 
would find a straight line graph. ost ie 


Paretos Curve 


Pareto’s curve which is qcner: | i 
; generally used to represent income dis~ 
tribution has the form: 
¥ = ase where 
x = income size and v = no. of persons having that income or lar yer. 


Another Situation where a similar curve is applicable is in study 
of size of cities (y) and their ranks (x). For example, it has been 
observed that f 

Vcc ax? where y = size of town and x is the 
rank of the town. 2 : 
In both cases, a plot of y and x values in double log paper will produce 
a straight line oranh. 


Logit Function 


One function derived from natural logarithms is the logit function 
defined as: 
logit x = 41n ( ee ) inaee 


in = natural logarith i.e. log to hase e. 
(Here x lics between o and 1). 


This function is very much useful in the study of mortality. 


Lorenz curve 


Another important curve which has bcen usad to depict the state 
of concentration of pooulation and of other demographic aggregates is the 
"Lorenz curve’. 


In the case of data on population by locality sizes, we plot 
cumulated percentage of localities against the cumulative vercentage of 
population in them after arranging the localities in order of size 
starting with the highest class (cither individually or in grouped 
classes). It secms advantageous not to have too many or too few classes 
so that the classes have population size large enough for plotting and 
discrimination. 

The cumulative voromortion of population Xs is plotted along the 


x axis and the cumulative proportion of localities Y, along the ¥ axis. 
If there be not much concentration of population by “locality size, then 
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the curve will be near a straight. linc (line of eouality) passing through 
the origin and with an inclination of 45°. The further the curve deviates 
from this line, the larger will be the concentration. The curve of 
highest concentration will be depicted y the 2 sides of the triangle 
lying along the X axis, the Y¥ axis and close: by the ‘line of cquality SS 


; Lorenz curve can also be drawn for cumulative percentage of popula~ 
tion and cumulative norcentage of area (when ceographic units ars 
arranged by density) . 


Vhe least value of concentration is zero when the curve coincides 
with the ‘linc of couality’ and the largest value of . concentration is 
1 when the curve forms the triangle with the Line of equality and the X 
and Y axis. In other cases, the concentration will be between 0 and 1. 


To measure the concentration ratio, the formula used in Gini 


concentrati tio = Sum P j = & x ‘ 
on ratio = Sum of Xe Y; 2G um of xX 4 ¥5 


where X. , Le have the meaning already indicated. Another measure of 
concentration is defined as the Duncan index equal to the value of the 
maximum Gifference between %. and Y. among all the (X,¥) sets. This is 
also equal to 4 of sum of absolute difference between the uncumulated 
values of X and Y. This index is couivalent te the index of dissimilarity. 


Figure 10 presents the Lorenz curve for Tanzania 1978 by 
administrative lev-l. ‘the data for the regions is given in Table 12. 
Gini concentration coefficient for data on Table 12 is: 

10000 GCR = /(4.8) (.3) + (7.5) (2.6) + 2... +(94.4) (92.1) 
+ (97:4) GGei7 ~ = /(.2) (7.5) ay. 8) 4. 
+ (84.7) (97.4) + (92.1) (100.0)7 
= 3928 


or GCR = .39 


Tt can be checked that it is cqual to: 
z /(4.8 m2) HhlsD oS) + och (97.48 = 92,4) + (100.0 - 100.0)7 /10UU0 


Table 12. POPULATICN BY PEGION BY PERCENTAGE OF AREA AND POPULATICI! 
ARRANGED BY DENSITY, 1978 


Density % Of Pon. Cumulated of area Cumulated 


ie 2 x % of pop, X y % of area, Y 
(Km) is ¥ 
t i LE 
Dar Es Salaan 553 4.8 4.8 o2 “2 
Zanzibar 194 Zak tee Sef — 
jwanza 73 £.3 15.8 2.3 20 
Kilimanjaro 66 Dan 20.9 Les 4.) 
igad ie 
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Table 12 (Contd...) 


Region | Density % of Pop. Cumulated % of area Curmlated 
(RM") x % of pop,X y % of area,Y 
Mtwara a6 4.4 25.3 oe 5.9 
Tanga . 39° 6.0 31.3 Son 9.0 
W. Lake Pag 36 Sey 3740 Ey. is ed 
Mara 7 33. 4.2 41.2 2.4 14.6 
Shinyanga 26 7.5 48.7 5.7 20.3 
Nodoma 24 5.5 54.2 4.7 25.0 
Mbeva 18 6.2 60.4 6.& 31.8 
‘Kicoma Ly? 337 64.1 4.2 36.0 
Iringa 16 oct 69.4 6.4 42,4 
Coast 16 2.9 72.3 Gee 46.1 
Morogoro 13 5.4 7757 &.0 54.1 
Singida 12 3.5 $1.2 5.6 Shug 
Arusha 11 apps 86.5. 9.2 68.9 
Tabora 11 4.7 91.2 "8.6 iy as 
Ruvuma 2) 302 94.4 Ray po. 84.7 
Lindi 8 3.0 07.4 7.4 92.1 
Rukwa - 7 2.6 . 100.0 7.9 130.0 


6. ELL? ENTARY ANALYSIS OF DATA 


Derived figures are useful. to assist in summarizing and comparing _ 
data. In this comnection, we have already seen the role of gravhic 
presentation of data. However, kecause of the subjective nature of 
pictorial representations and, in any case, Wwe neec quantification of 
the measures, we shall in this section consider a few of the imortant 
summary measures useful in demography. These include averages, ratios, 
_ rates, percentages and incex numbers. es 


6.1 AVERAGES 


From the tabulated data or, better from the qraphs, one can usually 
notice that there are certain values that are frequently present and 
others that occur less frequently. These values are called measures of 
central tendency or averages. There are various types of averages - the 
arithmetic, geometric and harmonic means, the median and the mode. They 
differ from each other in their properties, method of calculation and 
Uris use: in summarizing data. : 


‘Arithmetic mean 


The arithmetic mean, isuattee known as the mean, is obtained by | 
suming the values of the observations and dividing it by the number of, 
observations. Hence, if Kye Xgnetge coves x, are the values of n sbserva- 


tions, then the arithmetic mean of these n observations is: 


x = (x x x eae a xX) 
x (x, + pinata: ay Puty fT 


<afie 
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calculation can ke simnlified by considering an 
origin and scale. “uch a dodge reduces | the values of the observations 
to be consideree and hence the arithmetic. For example, if a is the 
oridin anc c the.scale, then the new variables are;¥,:, = (x, ~ a) /c. 
First we calculate the mean of the y values ly tho’ *similaf formula as 
above anc then convert it to the mean of x ty the formula: 


Sometimes the 


—_ 


x = cy + a % 

‘hen the x values have associated frequencies, i.e. they occur more 
than once then the fomula for the mean for such is very similar vere 
we multiply each of the x values by their corresnonding frecuencies and 
divide the sum of these products by the total frecuency. The fommula 
would he: 


> * u fil aN l= oe... T £.. 
be (£)%) + £,%, + <n oe fx )P , Where N = 1 f.. me 


Here also, the selection of an origin and scale could reduce the 
calculation. ‘ith symbols already introduced, the formula would he: 


¥ =xcy+a 
iean ace of a population 


The mean age of a population can he obtained by using the above 
formula either to the single year, five ycar or other hroad age group 
data. The smaller the interval into which the data is tabulated, the 
more accurate will the mean be. “ince the mean is unaffected by scale 
transformations of the frecuencv, we can deal with the percentage dis- 
tribution than the actual frecuency cistribution. From table 1l we 
reproduce the percentage age Cistribution of females in Zanzibar in 
Table 13. gee ie 


Table 13. PERCENTACE ACE DISTRIBUTION ~- FEMALES, ZANZIPAR 


Age 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54~55-59 69+ 
% ieee c.0.. 10.) J. uee 5.5. 3.8 4a aes... 1.368 


y=(x-32.5) -6  -5 -4 <3 Se, 0 Le 3 4 pe 


We have chosen the origin somewhere in the middle of the frecuency 
table and the scale is taken as the class interval. Such selection has 
reduced the values from 2.5, 7.5, «eee, 57.5 and the open’interval to values 
like “6, “5, eooo, 3 anc 7, The last value is actually chosen arbitrarily 
as it is very Ciftficult to Imow the exact limites of the last class to 
determine the mid point’ and the transforred value. If the frequency is 
small, then the arbitrariness in the choice of the value will not have 
much effect on the calculations. The convention is that the open interval 
should be such that it contains not mois than 2 to 3 % of the fremuencies. 


coef l3 


By ic ae 


The mean of the transformed variable comes out as ; 


Bi /19.2 (-6) +.18:4 (5) +... + 6.4 (7)7 / 100 = ~2.194 
Hence X = (-2.194) x 5432.5 = 21.5 


Average household size 


Mhe mean househol¢ size can he obtained either from the frecuency 
distribution showing the number of one, two, three ... person households 
in the countrv or from the aqgreqate number of persons and households 
in the country. In the former case, we have to calculate the accregates 
and proceed and in the latter we just divide the number of persons by 
the numher of households. Usually we include only private households in 
such an exercise. In rural Zanzibar Tom/‘est rection, there were in 
1978, a total of 5946 private households with 22944 persons giving. an. 

. average of 3.° persons ver private household (See Table 14). 


Table 14. WOUSEVOLDS AR™ POPULATIC’ RY HCUSFHOLD § SIZn, Zanzibar Town/ 
Mest Region, 1973 - rural 


Household size No. of h's Population » “ouschold size 1 « Of fh'sPopulation 
1 1462 1462 7 | 331 2317 
2 907 1914 8 230 1240 
3 “310° “2436 oS: 154 1386 
4 723 2892 10+ 252 2987 
5 604 3020. = Total. 5940 22944 
6 465 2790 .. 


Mean number of children ever born or Parity 


The mean number of children ever born alive is obtained either 

- from the frecuency distribution of women with 9, 1, ... children ever 
born by the method already described, or fram the ratio of the total 
number of cnildren ever born to the number of waren. Usually, this 
average is calculated by age of the women. For example, the average 
number of children ever born to women aged 20-24 years is the ratio of 
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total number of children ever born to women aged 2°24 years to the total 
number of women in that age group. For Zanzibar west urban, table 15 
nresents the number of women aged 20-24 years by number of children ever 


born. 
Mable 15. NUMBER OF CHILDREN EVER BORN ALIVE > 


ee 


No. of 6 eee 4 eo 6 7 64 Total 
Childron if 

to. of Geta ige 175.06 Cee? . - 11 10 932 
warren ee 


The mean is obtained by multiplying the number -of women sy their number 
of children ever born, cumuletinc these values anc. then dividing the total 
by the numer of women. Here also we have an open interval at the end 

of the table and we assume? that the value corresponds to 9. Under this 
assumption, the total number of chilcren care out to be 2333 which when 
diviced by 32, the total number of women gave the average as 2.8. 

This average also is called the rean parity and is denoted by the 

~ symbol Pog.2 4 OF simply as P, hecause it pertains to the second age group 


amonc the reproductive age sran. 


The Ccistribution given above in ta>cle 15 is know as the parity 
Ccistribution for women eqed 20-24 years. 


Mean age of fertility schedule 

The mean age of the fertility schecule is obtained from the table 
giving the age specific fertility rates. Table 16 presents the ade 
Specific fertility schedule for Terzania. Here also we can take an_ 
origin and scale, to reduce computations and derive the mean. 
Table 16. AGE SPECIFIC FEMTILITY PATES, Tanzania 1978 


Age, x Transformed No. of women No. Of chiléren born Specific 


value, 2 a in past vear: fertility rate,f. 
y= (x~32) /5 (1) (2) (2) =(2)/ (1) z 

15-19 -3 877939: 112631 vido 

20-24 -2 74251° 229355 o 308 

25-29 ~] 703549 209285 o2o7 

30-34 0 504792 - 124200 0 £6 

35-39 1 4£6638 80466 - 189 

AD-44 2 343706 30855 02S 

45-49 3 311951 11515 .037 

Total 3936190 804317 1.292 


- irst we nots that the erigin is takcn at 32 an@ not 32.5 because 
the mid point of the age interval 30-34 is 32 in this particular case 
Since the kirths in the past year was obtained whin the waren woule be 
half & year youncer on the averane. From the table ’ we first 5 eo 


Y = /-3(.135) + -2(.309) +.... + 2(.088) +3(.037)7 /(.135+... +.037) 
m=. 0853/ 1.2027 6G 


x, ~, arr. 
Henos xX = ~.66(5) +32 = 28.7 


‘This value is usually dcnotec ky m 
iigan age of mother 


There is yet another type of mean age one can derive from the 
samc table and that is the mean aco of mothers an¢@ is obtained by consider- 
ing the actval numbers of births at cach of the ages and not the snecific 
fertility rates. | oo 7 ee a 


Here also the choice of the origin and scale enuaes the calcula: 
tions anc we get 
y = /-3(118631) +~2(229355) +.... +3(11515)/7 /(118631 +.. +11515) 
ex ~G47177 /804317 = -1.05 


Af 


Therefore x = -1.05*x5+4+32 = 26.7 
This value is usually denote by i: 
Mean age at marriage 


The mean age at marriage may bc measurec in a number of different 
ways involving different types of data anc different methods and assumptions, 
with resultinc differences in the interpretation of the figures. 


Since registration cata is grossly inaccauate, one usually uses 
indirect information on marital status to arrive at the mean age at 
marriage. The most corazon information obtained in a census is that on 
civil status from which one can obtain the proportions marricd at 


each age. 


The singulate mean at marriage is obtained from the proportions 
ronorted as single at each of the age from an enureration and is calcu- 
lated by first finding the sun of the percentaces single throuch ade 
group 45-49, multinlying the bumthy 5 (the age class interval) anc 
adfiting 1590 which is 100 times the lowest age at which marriage 
usually takes place in many societies (taken as 15 in this case) gE 
it is youncer or oléer, then the ficqure to ke used will be 100 times 
the lowest age. Herc we have also assumed that by age 49 most of the 
merriaccs would have taken place, and those still single woule remain so 
throughout the life span. If, in any varticularly country, the highest 
age is different, then that age could be substituted in the calculations. 


oa sf tO 
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Trom the cum so obtaincc, we have to subtract the value obtained Fy 
multivlying the average of the porcentave single at ages 45-49 anc 

50-54 by 50 (the mean ace of the croup). The figure so obtained 1s then 
Givided hy the promortion nen single by age 50 which can ke derivec 

by suztracting the. averace vercentage still single by ace 50 from 100. 


From table 17 shorting th enerecntace sincle Ly age in Tanzania, 
“we can calculate the sinculate rean at marriage as: follows: 


2 - . ‘ — 77 we eC : ° 2 
fatle 17. PERCWTACE SINCLE EY FIVE YOAP ACE GRCUPS, ‘FRPALFS - Tanzania, 1978 


— —- oo 


Age 15-18" °20-26 28-29 30-34 35-39 40-44 B49 50-54 


S 62.5 Beek 5.2 2.9 2.9 1.6 12 1.6 


ee ee ee ee 


The singulate mean age at marriage for the given data is: 
SPE, =5 (62.5. +16.1 +...+ 1.2)" F1500 - (1.2 +136) 5072 | 


“5(915) +1500 - 70 = 19,1 


of ..6 
. Centre ‘of a ropulation 


It is interestinc to know the average point for the distribution 
of xcpulation within a country or area. The mean point of the porula- 
tion Cistributed over an arca mav kc defined as the centre of porula- 
tion oravitv for th -area, i.e. the point wen which the area would 
valance, if it were a ricid rlere without weight and the ronulation 
Gistributed th xeon, each indivicual heing assumed to have ccual 
weight and to exert an influence on t< central point propertional to 
his Cistance from th epoint. The formula for th ¢ co-ordinated for the 
centre of ropulation mey be written as: 


x 


” 


(Dp) % ths X> tee. +P, x )/ (p, + Py t cee + Pp) anc 


aa 5 = D. +O Vv tFeooc : a eee ee 
ieee (P, ¥y “ee eh Y,) / (Py te * #,) 
where %.anc ¥ resncctively ar> the latituce and lonaituce of the contre 
of pomulation and Dye Dor D, are the nonulations. 
__ Since the surface of the carth is not flat but has a curvature, a 
Slight modification of the formula te account for this curvature is: 
x — 1 x +O > ° ee § z 
(ry %, Pa Xy test X)/ (P}+ Py yes +P,,) and 


= (Py ¥y COSx) 4P5-Yy sx, ++ PY. cosx,.)/ (p,cosx 


het 


1 +5 cos x, 
ooo ’ 1 cosx 
+ | = 


The qreater the details in which the nopulation ficures are available in 


terms of smaller geographic units, the hetter the cstimates of the 
co-ordinates of the centre of nopulation would ke. 


vesf77 
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. “hen'there are extreme observations resulting in an extremely 
skewed distrikution and when some of the class intervals arc open, 
another measure of aver~-e of a distribution hecomes more appropriate and 
it is the median or the value which divides a distribution into two 
equal halves. When okservations are given and we rank ther by size, 
then the middlemost item is the redian (in case of tie or when there are 
an even number of observations we take the average of the two iters to 
get: the mecian value). For grouped values, the formula for the median 
‘can be obtained by simple linear interpolation as: ies 


'iedian, MD = L+ (N/2-r)c/f, where 


L= lowor limit of the median class, i.e, the class containing the 50% 
frequency; WM = total freouency; m= cumulative frecuency upto median 
class; c= class interval, and f = frequency of median class. 


The median age of a ponulation data as given in table 13 can he obtained 
ty first cumulating the frecvency (in this case the percentages). We 
note that the class 15-19 contains the cumulated frequency of 58.7, 

i.e. the 50% frequency lies in that cless because the previous class has 
cumulative frequency of only 48.6. From the formula the median is: 


Na = 15+ (50-48.6) (5/10.1) = 15.7 | . 
Similarly the median houschold size in Zanzibar west as in Table 14 
can Fe obtained as follows: ‘We cumulate the nurker of households with 
1,2,... household members anc finc the class, containing the 59% frecuency. 
In this case it corresponds to 2°79 = 5940/2. ‘The cumulative frequency 
with size 2 is 236° and with 3 it is 3131. Uence size 3 contains the median. 


Mecian = 3+ (2970-2369) (1/612) = 3.7 
In a similar way the median parity is from table 15: 

Fd = 3'+ (416~375) (1/175) = 3.2 2 ss, 
Again, the median aqe.of the fertility schedule from table 16.is: 

Md ‘=: 24.5 + (.64€-.444) (5/.297) = 27.9 , denoted as m' | 
and the median age of women at child birth is: | 

MA'=°24.5 + (402158-347956) (5/29°295) = 25.8 , denoted as m'. 
In the calculation of the median noint for distribution of population, we 
start with the northern tip of the country anc draw a line horizontally. 
At intervals of 19 each we draw horizontal lines parallel to the first 
line and note down the ropulation within the enclosed areas. This becomes 
easy, if figures are availakle at small areal levels; otherwise we have 
to take ponulations at whatever level is available anc consider poou~ 
lation of areas which are mostly enclosed within two parallel lines. 
That one which divides the, nopulation into two balves between the north 
and south is the median line. Similarly, we-can draw vertical lines 
starting with the extreme east tin of the country and find the line 
dividing the population into two halves. The intersection of the two 
lines gives the median point. 
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This is yet another measure of central tendency and is Gefined as 
that valuc which occurs the most umber of tires, i.e. the one with the 
highest frecuency. In ungrounc: © Jata, it is simply the one with the 
lareest frecuency hut when the data is aiven in grouncd values, simpi e 
linear interpolation woulc he needed to obtain the madal value. 


The aeometric anc hamronic means 
Sea NO 


The arithmetic mean, median and mode are frequently thought of as 
the more important measures of central tendency, because of their wide 
usefulness, general applicability and ease of commutation. Under certain 
circumstances there are other measures wh gh are more appopriate. For 
example, in the study of population growth, the acometric mean is more 
relevant. The geometric mean of n observations Xr Xo coer X is 

CM = (x; Xo 1/n or loc Gi = (1fm) (Log, + logz., too yet logx, ) 
For data oie in eecicnsy bles, the formula hecomes 
M = ae elle eri, - 
log Gi = (1/N) (£,logx, + flogx, | £, logx,)» 


ro TM = + bg 
where IT = f) f. as *f 
For calculating the average annuel rate of growth of a population, the 
size of a population at a caiven pink’ in time stc, the acometric rean 
method is useful and we shall consider the aflications in a later section. 


co eX, ) 


The harmonic mean is the reciprocal of the arithmetic mean of the 
reciprocals of the values and is cenoted as: 


HY = nf (ly tI/, * ...+ 1/5) 


Demoaraphy is a fielc concerned with occurences of events like 
marriage, births, Geaths, migration, education, employment, household 
formation anc soon. It is nossil-le to measure the incidence of events 
in many ways. For any cemograchic measurement of an even} we usually 
want (a) the time reference noriod (b) the group referred and (c) the type 
of occurence being measured. es 


Even though the absclute number of events occuring has great value, 
many tires we need these events to be related — ito time, the size - 
of _~ kate. or other variables. r 


| A useful summary measure is ahs ratio expressing the robaitae size 
of two numbers. In this numerator~denominator relationship, there are 
two types -: one in which both the numerator and dencaminator come fram 
the same universe and the other where they are fram different universes. 
Of tha former type, ve have: sex ratio; age ratio, child woman ratio, 
denendency ratio and survival ratio. Examples of the latter are: 
population a and ner. capita income. 
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. Sex ratio 


_ It is usually defined as the number of males per 100 females, It 
coule be fora population, for a given age group or of events. The sex 
ratio at birth is defined as the numter of male to 100 female births 
(usually this lies in a narrow rance of 101 to 108 and it is noted to be 
on the lower range in African populations) 


From table 4 we calculate the sex ratio of the population in 
Mainlan¢c Tanzania in 1978 as 


SR= (8350492) /(8686006) x 100 = 96.1 


“€imilarly the sex ratio of the pdoulation aged 29 to 24 vears in Zanzibar 
is from table 6, 


SPR = (14914) /(18259) X 100 = 21.7 
~ Age. ratio’ 


The United Nations defined an age ratio as the ratio of the number of 

persons of a given sex-aoe group to the average of the numbers in 

adjacent age groups (all the groups. must be of equal wicth) multiplied 

by 100. Another defintior given by US Bureau of census uses in the deno- 
minator the average of the three croups, viz the tv> acjacent anc the one 
beine studied. If digit preference is predominant in the Cata, it has 
been shown by Pamachandran to he better to define the age ratio with a 
denominator having a weichtec average of the three groums with the adja- 
cent groups having weight unity and the micdle group havine weicht two. 


The age ratio at age 29-24 in Zanzibar for males is: 
Age Patio, AR = 2(14914)/(22721+ 14623) ‘x 100 = 79.° = UN definition 


3 (14914) /(22721 414914, 14623) x 109 = 85.6 US census 
a Pureau 
A (14914) /(22721 +2(14914) + 14623) ¥ 100 = 38.8 
Pehl ‘. Ramachandran 
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Child woman ratio 
ie ~ There are two types of ratios in usual practice ~ one pertaining 

to children aged 0 - 4 and the other with children 5 - 9. The first 
ratio is defined as ; | 

GR = 100(Children aged 0-4 years) /(Women aged 15-44 years) 
and the second is defined as bie 

~OWR = 100(Children aged 5-9 years) /(Women aged 20-49 years) © 

The second definition becomes useful especially when aqe data is poor and 
mostiv it is at the very young ages that biases occur. The ratios are 
useful in estimating child migration from two census enumerations anc 


for estimating fertility level. 
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“or Zanzibar the child woman ratios are from table 6: Based on chilcren 
aged 0-4 vcars: 
CUR = 100 (44637 + 45049) (24162 + 16259 +...+ 10389) = 99.4 


Based on children aged 5-9 years: 
GYR = 100(42426+ 43945) /(18259+ 16017 + .-.+ 5990) = 118.4 


Denendency ratio 
Depenoeney tatie 


This concent is hasec on the general denendence of children and 
old people on the worl cing age population for sustenance. it has not : 
much to Go with cconomic Cevendence, especially in Geveloping countrics 
with children and older persons contributing substantially to the economy. 


Roe denendency ratio, ADR = 100(Children aged §-14 + Old persons 
aged 65 )/(Pop aged 15-64 years) 


Child deperficncy is similar to age dependency but with only child- 
ren in numerator and old age dependency has only old persons in numerator. 
Tor Zanzibar, the age dependency ratio in 1976 from table 6 ‘is: 
ADR = 100(44687 + 42486 +29726+ 45949 + 43945 + 26248 +3118 +3023 +1719 
+ 3165+ 2109 + 3249+ 937+ 3121) /(22721 + 149144... 6529 +2412 
Se ABe5e4 <:. +6072) = 11327 = | 
Child dependericy ratio is: 3 
100 (44687 + 42486 +2726 + 45949 +43945 +26248)/@22721 +...4 6529 
+ 24182+ ...+ 6072) = 104.2 and 
Old age Cepencency ratio is: 
100 (3118+ .. +3165 +2109+ ... + 3121)/(22721+ ... + 6529 +24182 +... 
+6072) = 9.6 


Survival ratio 


There are two times of survival ratios generally in use. They are 
cohort survival ratio and overall or «pen ended survival ratios. In the 
forrer the ratio of persons of a given closed sex, age group to those 
found still alivé after the lapse of some time is considered whereas in 
the latter the groups are from open ended age arouns, like say those 
aged 20 years anc akove etc. 


In ilainlanc, Tanzania there were 157272 males enumerated at ace 
© in 1967. Assuming a closed nopulation anc that ace reporting at both 
points of time are accurate, these persons would be aged 20 vears in 
the next census, i.c. in 1978. ‘This number was reported as 155134. 
Thus the survival ratio of males aged 9 years for the ll=yvear neriod is: 


sry = 155134/157272 = .9864. 
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Apparently this is tco hich and it is susrected that the ratio has keen 
Dloated up by tic twin factors of preference for digit 0 and avoidance 
of digit 9 and also perhaps better enumeration in 1978 than in 1967 

due to improvements in organization, education etc. Similarly for males 
aged S13, vears in 1967 the survival ratio for the period 1967-78 will 
ke the ratio of males aged 20-24 in 1978 to those aged 913 in 1967. 
This ratio comes out 2<- 


| 971666/(157272+ 16707 + ©3001 + 155122 +113131) =..8339 
The Open cnded survival ratios are calculated in similar fashion keep- 
g the numerator anc corresnonding dencminator with nopulation aged x and 
above. For example those aged 5 ané above in 1967 would be aged. 16 
and ahove in 1978. | Peri 
Table 3 presents both tynes of Survival ratios. 


Density 


Density of pomilation is a sirgis soncept much used. in ‘studics 
relating population size to resources and in ecological stucies. Density 
is usually computed as population per square kilomster or mile of land 

> area rather than of gross areca (including land and water). For som 
purposes, More meaningful densities are obtained for a country or region 
by relating the sizc of its copulation to the amount of acricultural 
land... pee 


For example in canzibar/Parha with 2460 sq.lm and pobulation in 


1976 of 476111 the density = 476111/2460 = 193.5 persons ser so.km. 


6.3. RATES 


Rate is a special tyre of ratie which measures the likelihood of 
occurence of a phenomenon within a given universe characterized bv the 
Spatial, tamporal and perhans the individual characteristics of the 
elements of the universe. “Sametimes, the torm rato is used in an 
even more: restricted scnsc by limiting the denaninator to the pooula- 
tion at risk to a rarticular tyne of event. Thus rates are usad to 
study the dynamics of change and refer to the occurenc: of events over 
a given interval in tine and is defined as: . ‘ 


Rate of incidence of an event = No. of events -that occur within a 
i given tim: interval 
No. of members of the population 
whe are exposcd'to the risk of 
the event during the same time 
—intervel 


The concept of person years livac is the ideal way to specify the popu~ 
lation cxposed to the risk of an event and is simply the procuct of the 
number of persons multiplicc by the number of y.2ars or fraction of years 
that each person lived in a given place. 
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Crude Pirth Rats 


The crude birth rete is defined as the ratio of the total number 
of births occuring in a given rcrioc, usually a ycar, to the mid period 
(year) pooulation and is cxoressed per 1000 population. 


Thus CBR = (B/P) 1009, where FE is the total number of births in 
a yoer and F is the mic year population. Accordinc to table 16, there 
wore 804317 births reported in Tanzania Curing the period 1977 to 1978. 
The mid year population can te cbtained from the 1978 enumcrated ficure 
kv applying a compounc growth formula for the half year before the 
census. “ce take a growth rate of 3.2% (the observec annual average 
growth rate between 1967 ané 1°7§). ‘The mid year population is thus 
obtainsd from the formula: 

oo 


Population of 1977-1978 = Posulation of 1978(1 .032)” 


Mith a total population «-mumerated of 17512610, the mid year estimated 
vonulation comes to 172328658 and hence the crude birth rate is: 


CBR = (804317/17238958)1000 = 46.7 


Ene rate so obtained is called crude because it is affectes by 
age, sox and other charecteristis of the nopulation. Since births 
occur only to women, it is better to calculate a rete based only on the 
female population. It is coven better to derive a measure which takes 
care of the age distribution of women, because the incidence of hirths 
is not uniform within the: ac= span. 3 


General fertility rete 


Thus we can calculat: - birth rete based on women in the renro- 
ductive ages, say 15-49 vears. ‘This is called the qencral fertility 
rate and-is d2fined as: 


GFR = (lumber of births in a year/mid year fanale population é.900 
15-49) 1000 ape 
The mid year female population can be calculated as the mic vear poru- 
lation by usine the compound growth formula. 


For the data from Tanzania, the number of women aged 15-49 at 
the 1973 census was 2936100 and the mid year population would he 
3936109 (1.032)--+5,assuming the seme qrowth rate for the female popula 
tion in the reproductive. ages as the total nepulation. Usino the 
ficures, we Obtain the GFP. = (804317/3874595) 1009 = 207.6 
This measure also is not very useful, because even within the reproduc~ 
tive age span, the fertility of women do differ. 


Age 
One method of taking account of this fact is to calculate the birth 


rate at cach age. Thus an ccc specific birth rate is cdcfinee as the 
ratio of the number of births occuring in a year to vamen in a specific 


ecific fertility ratc 
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23 = 
age to th totel mumber of women in thrt aa 
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Cc " ~ foe “> 4 : 5 
SFR at age X = ty = Number of births occurine in a year to woren aged 
x years/io. of women aged x. 


tn}, of y Ss _ s - . . . 

Ve ne 16 al column giving the age specific rates for Tanzenian women 
pee 15-19 to 45-49. For example, tho age specific fertility rate at 
ege 29-25 18 2099295/703549 = .297. : 


fotal fertility rate 


ee ‘This: is 2 measure of fertility obtained by summing single year of 
aoc sncecific fertility retes or hv summinc the ade specific fertility 
rates qiven in, say, five year age grouse and multinlvine the sum by 
5(the ace interval). Pascé on Tehl: 16 the sum of the ace smccific 
fertility rates is 1.292 ané hence the : 


TER otiwer es) = 6.5 


Gross reoroduction rate 

Instead of using all the births irrespective of sex, we use only 
the female births and calculate the -ge specific female fertility rates 
and sum the single year specific ratcs or sum the five year rates and 
maltiply by 5, then we get another measure of fertility know as the 
Gross recroduction rate. If howover,births are not available by sex of 
child, but information on sex ratio et birth is known, then the GRR 
can hc: calculatec as 

CPP. = TFR(Proportion of female to male births) 


“ho fomale noroportion among kirths is the ratio of female to total 
births. Sinc: no data are available on sex ratio at birth ir Tanzania. 
we Can assume a reasonable figure anC procacd. Here we took the sex 
“ratio as 192 and hence obtain the female vroportion as | 


(100) /(100 +102) = .é55. 
Thus GRP = §.5(.495) = 3.22 = 
The TFR gives a measure of the total numbcr of chilercn a woman enter- 
ing the reproductive age can he expected to have when she reaches the 
end of the reproductive span, assuming that current fertility would hold 
good into the futurc. Thus this number would he near the completed 
family sizc. Similarly, CRF givcs the total number of female children 
a woman centering reproductive age can hea expectel to have by the end of 
her rooroductive poried under the present fertility rogimcn. 


Net roproduction rate 


Gince not all women entering the revroductive age complcte the 
entire reproductive spen and cven fran birth to start of reproductive 
age, there 1s some attrition: a measure which accounts for this — 
depletion of the cohort by the effect of mortality 1s the not reproduc~ 
tion rate. It is caloalatcad. in a similar fashion as the GRR but instead 
of the weight 5 being us2 for the 5 year age groups, Wwe insteac use 2 
volakt donending on level of mortality. The number 5 in the case of 

5 yoar groups and 1 in the casc of single year velucs, indicate that 


all wom.n survive from oné ace to next. Thus if we use the life table 
fimctions dcicting the attrition fren one age to next, nets 0c Of the 
woights of 1 or 5 as the case may ho, tis Obtain a measure of fertility 
thich has taken cognisance of the fact that some women Gic Gurine the 
reoroductive spar, 15 to 49 years and also from birth to se 15. In 
the netation of lif: tables, timm the i Tm 1s d2fincc as: 


WRR = sum of product of age specific fimal= fe ortility rate and life 
tabl: survival rctio from kirth to th. spcocific aco 


Alife table prenared for Tenzani- using mortality information from 
the census gave survivel retios from birth to ages 15-19, ... 45-49... 
Those values cambincd with famale specific fertility rates would prodcucc 
the WAP. as: 
NRR = (.135 X 3.58 +.309 X 3.484.297 X 3.374 .246 X 3.244 .180 X 3.10 
+.035 X 2.96 +.037 X 2.80) %.495, vhere .4°5 is the nrocortion 
of furale births, and 3. 3, 3.48, ..e, 2.80 respectively arc the 
survivel proportion of the females aged 15-19, 20-24, ..., 45-49. 
The value comes out to be 2.12. 7 


Sex age adjusted birth rete 


This measure of fertility is - tyve of stancardized measure 
accounting not only for the eec structure of the ronulation but also for 
the pettern of fertility observed among croups. The United Nations 
ohserves: on the basis of fertilitv schedules of suvoral countries that 
the relative ee at ages 15-19, 20-24, ..., 40-44 are in the 
proportion 1. 7:°7:6:: ) | 


The sex age sdjusted birth ratc, SAABP is defined as 1000 times 
the ratio of births occuring in a year to the weighted sum of the female 
copulation in the ages 15-44 weighted accorcina to the fertility 
weights given above. The weicghrs have been so chosen that the CAARR 
is not much far from CEP. 

_ For the Tanzanian daca the & 2ABP. comes out to bo: 


SAABR = 1000 (04317) / —_ +7 X X 7251S +7 X 703549 +6 X 504798 


+ 4X 146638 +1 x 349706) = (8044317/15 LS ASG i ls 
Being a measure whichis ines of agc~sex structure, it 38 great 
aoplication esnecially in comparing ratas and for projection nurnoses 
when specific rates are unavailable. 


Crude death rate 

The crude death. rate is defined exactly similar. to poke cruce birth 
rate but in the numerator we use the sotel Sie * dea aths durina the 
time re -fercnc: period, 


yi “hus, CDR = 1900 (Total number of @caths during a year) / (mid year 
population) 
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. infants. 


Age snecific death rates 


G4 “y a | o> Ss . ° 
.. ,. -anee the incidence of mortality varices from one. age to the next, 
it 1s advisable to compurce rates specific for age. Thus the age snecific 
death rate at age x is defined as- Ses. 


CTs as ° a : . : 
ASDR = 1900(No. of Ceaths at ace x in a giv year)/(mic year ponulation 
mo -at that aqe) 


M.. 
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It is preferable to calculate tte rates separately for cach sex. At 
least at very younc and old aces, since the intensity of mortality is 
very high and changes fast, it is advisable to have the rates by single 
years Of age fram age 0 to say 4 and from age 60 onwards. For the inter- 
meciate ages five year age croups may he sufficient, © emetines, it may 


. ke only necessary to have ten year age groups for the range 10 to 49 -- 


years as the rates do not vary very much in this scoment of the ronu- 
lation. For an age group x to x#n, the rate is denoted as n'® ari is 
defined similarly as above but with x replaced by x to xtn. i 


Infant death ratc 
... Of special interest to demographers, public health workers and 
planners in general, is the mortality of infants, since it gives an 
indication of the level of living of the population, can be controllcd 
with prover planning, affects a sizcable segment of the population and 
contributes a high proportion of deaths. It is also 2 waste of human 


Infant death rate is defincc as 1000 times the ratio of infant 
(children under age 1, i.c., those aacd 0 years) deaths to number of live 
births in the year. : ; “on 

My 2 IDR = 1000 (No. of deaths to children under 1 year of ace ih the 

“ . | year)/(o. of live births in that vear) 

It is advisable to calculate IDR separately by sex. ae 
The rate given above is not a ratio of deaths per 1006 person years 
lived: in infancy during the year; because the denominator is not an 
estimate of person vears, but the number of live births that were - 
registered, It also Goes not represent the proportion of a years births 
that died before age one, because the numerator and denominator do not 
belong to the same universe. ere 


és | It is thus. closer to being a probability than a rate, since the 
denominator is persons (infants) <xposed to deaths beginning at a _ 
certain time (birth) r-ther than the number of person years lived by 


Deaths are not evenly distributec through the first year of life: 
instead a high proporticn occurs during the first weck and of these a 
high proportion: occurs during the first cay. In general, high infant. 
death rate goes with lower proprtion of infant deaths at early life ° 
period and in high infant death rate countries, infectious and 
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marasitic diseases contribute = larqe proportion of the deaths and if 

wo consider a total of 190 infent dcaths in a year, thon ¢ propor lene 

te ly a large segment woulé occur >fter a, week or month of birth because 
it is during the Later period of infancy that such exogenous causes play 
an important role in mortality. 


The infant death rate, however, is not a true probability because 
not all of the infant deaths in <= given year occur to births in the same 
year. fame of these infant deaths belong to births of the previous year. 


Separation factor 


An adjusted dcfont Ceath rate, thon would be obtained ky consider- 
mee deaths of mate ints in a given year and dividing it by a weighted sum 
births in the ‘two years involved. -The weights ar 2 now as 
Fe eerie factors’. Usually the separation re for the current vears 
birth will be near .7 and consequently the factor for the last years 
birth would be: 1 - .7 = .3. Semetimes the factors are taken as (2/3) 
and (1/3) respectively. 


In many ercuiries two questions esked are: number of births in 
past year and the number of these births still alive on census date. 
To obtain an estimate of infant death rate we can multiply y the renorted 
proportion of infant deaths from the above: question, i.c., take 
1009 (nizber of deaths among last years birth) /{nurber of births of past 
yeer) and multiply the value ky 3/2, i.e., the reciprocal of the 
separation factor for the current years births. 


Foetal death and still birth 


Foetal death is defined as, ‘'Coath(disapnearance of life) prior 

. to the comlecte explulsion or extraction from its mother of a procuct 

of conception irrespective of the duration of pregnancy -: the ceath 
keing indicated by the fact that after such separation the foctus 
does not brcathe or show any other sridence of life, such as heatinc 
of the heart, pulsation of the umbilical cord, or definite movement of 
voluntary muscles’. Still birth is a foetal death occuring after 20° 
or 28 Boon of pregnancy. 


Migration rates 


Migration rates like any other rate can be calculated as the ratio 
of migrant to. the population at risk. ‘Usually, the rate is presented 
per unit: of population, . Thus in, out and net migration rates are: 


(Number of inmigrants) / (Population at risk of inmigration) 

(Number of out migrants) / (Population at risk of out migrating) 

umber of net migrants, i:e.; the difference hetwoen in and 
out migrants) /(Population at risk) 


The real problem is the calculation of the population at risk. We can 
use the population at the ond of the heriod in most calculations. 
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Growth rate 


; A population grows by the addition of births anc inmicrants and 
is depleted bv deaths and outmigrants. Thus a axrowth. rate can he defined 
as: 
rs (birth+ inmigration) rate ~(Geath+ outmigration) rate 
if migration is nil’or if net micration is zero, then the growth rate is: 


= (birth - death) rate. This is the natural growth rate. 


s. LE- ie. curve of population growth is linear, i.e., population is crowing 


in arithmetic nrogression, then the orowth rate can be obtaired from two 
7 eeeapaeanl counts by the formula: 


7 (P, “=< Py mp, where P a iS Genote respectively the nopula- 
' tions - eae. at Phe ena and § rioc and n is the interval 
between the two counts. This is eee from the linear, arithmetic or 


“s simple. interest law of population crovth: 


2. = Po (1+ rn) 


If nopulation is crowing as ner the compound interest or qeometric 
os Law, then the growth rate is‘obtainec from the formula 


© = antilog ( 1fn)log(P_/P,) - 1 and is derived from the ecuation 
Pa 5 Po ( 14+r) 


Here logarithm is taken to base 10 or ae is rie common logarithm. 
In case log takles are not readily available, then an approximation to 
the value of r is given by th ¢ formula: 


= 2(P_ - P men +P.) 


Since the ote of a population takes place at every instarit of 


“time, the geametric or compound interest formula needs adjustment to take 


“ account of this fact. The exponential formula given below depicts 
~ population growth under this condition: 


se > oT” where 'e* is the exnoneritial function which is a 
Siote Est to 2.7183. The growth rate under this law of novulation 
growth: will be: 

x = (1/m)1In (P_/©), where In denotes logarithm to hase ‘s' or 


the natural logarithn. . 


Let us calculate the arithmetic, geometric and exponential qrewth 
rate of the population of Zanzibar Curing the intercensal period 1967 to 
1973, The 1967 population was 354400 anc that of 1978 was 476111 and the 


period was exactly ll years. 


Thus. the.arithmetic growth rate is (A76ULL - 354400) /11(354400) =.032, 
i.e., 3.2% per year. 
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The ceometric crowth rate is antilog (1/11) log (472111 /354705) - 1 

: antilo: (1/11) 1l0og(1.3434) - l= antilog(1/11) (.1282) ~- 1 

« antilog(.011¢6) ~ 1 = 1.027 - 1 = .027, 1. e., 2.7% per year 
ieescetesina th ¢ apnramation to the .ecr etric growth rate with the civen 
data we chtain th ¢ rate as: ee tys, ik i 5 
2(4764111 - 354409) /11 (476211 me 354400) | 
2 (121711) /11 (830511). + 243422/9135 5621 -=. .927, 1.e., 2.7% rer vear. 
We note that the aprroximation is not: very much @ifferent from the exact 
value; Eovever, if the growth rate ‘is very laroe “then these two voulc 
differ simnificantly. 


H 
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The exponential rate of growth, of the . population is: 
2 (1/11) In(-:76111/354400): = afl In (1. 34343) = (1/11) (.2952) 


aw027, 1.e., 2.7% per year... ea : 
Even though the exponential crowth ‘rate is same as the geometric crowth 
rate u> to two decimals, it is always smaller than georetric rate “shich 
in turn is smaller bei the arithmetic growth rate. 


We use the-aritnmetic law ben population is growinca ky a constant 
numer per vear and the geemetric law when the growth rate is constan 


Participation rate 


There are several measures usec in study of Characteristics of a 
nooulation. anc most of these are in the fom A ratios or rates. “e 
shail consider a few of the important ones helow. 


Fnrolzent or school participation rate 


Even though crude rates may be sometines use! ful, it is generally 
preferable to calculate age, sex and other characteristic specific 
enrolment or school participation rates ». The definition is verv straight 
forwarc anc is the ratio of number of children of a given ace sex or 
other group enrolled in school or participating in eCucation to the total 
re “number of children of that arouo in the population. Sometimes, we aet 
“the numerator fram the educational svstem anc the Genorinet or from a 
censuS or survey anc i, certain cases we can get both these from an 
enumeration where a question has heen included on this aspect. Instances 
of including grade are also founc. | 


In the 1978 census of Tanzania the cuestion asked wes whether a 
person was attending. or not attencing school. Fram these ficures we 
can obtain ave-sex specific attendance rates. 


In Zanzibar West reqion at age ; there were 1696 male children of 
ea oti were attendina school civing an attendance/marticination rate 
re) 33 or 93.3%. 
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Economic activity or labour force participation rate 


_ The pronortion of a population of a given age sex or other charact- 
eristic group engaged in econcmic activities or in the labour force 
gives the economic activity or labour force particination rate. 

Usuaily this-is calculated iy five year of age croup, Sex,Marital status 
and other relevant cheracteristics which have effect on :articipation in 
economic activities. ‘ : 


in the 1973 census of Tanzania the question on work status asked 
pertained to what an individual usually did to car a living. Tabulation 
was prepared showing persons hy work status. For example, in Zanzibar 
West region cut of the 5404 males, it was reported that 5172 were in the 
worl: force giving a participation or activity rate of .957 or 95.7%. 


_ Headship rate 


Se ee proportion of a given ace, sex, marital status or other 
relevant categories who are heads of households is called the headship 
rate. It aqives an idea of the characteristic of the household and is 
useful in estimation of housing needs. 


. .., In the 1278 census of Tanzania, the question on relationship of the 
-memmers of a household and the characteristics of the head were collected, 
as. the questionnaire was for the private households, one which took the 
householc as the unit of enumeration. 


In Zanzibar West region there were 593 in the rural and 9&2 in 
the urkan areas out of a total 5404 males who were reportec as heacs of 


households at age 25=29 giving a headshin rate of 25.1 at the age for 
males. 


Literacy rate 


The proportion of a given age, sex or other relevant categories 
who are considered able to reac and write in a specified lanquage 
are called iiterates. 


In Tanzania in the 1978 census the question referred to ability 
to read and write Kiswahili. Tabulations were prepared giving numbers 
of persons by age anc sex who were literate arid illiterate for those 
aged 5 years and akove. In Zanzibar West region there were 45€6 eis 
literates among males aged 25-29 years out of a total. 5404 males civing 
. a literacy rate of .845 or 84.5%. 


Consumption rate anc adult equivalents 


There are certain characteristics like utilization of health/ 
hospital facilities, consumption of food or other consumer goods and 
services which are used by the population but with varying intensity. 
For example, it is known that the utilizat ion or need. for hospital or 
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health services differ from one sex to another, from one ace to the 
next and between socio-economic anc! geographic groups. For projec 
tion rurnoses, we need these tynes of rates or units. 


For example, it may be possible to have the rate of utilization or 
need for health facilities !*7 age, sex anc other characteristics. 
Similarly for food consumption or needs we can have the rates hy age, 
sex ana other relevant categories. j 


Adult equivalents are ohtainec. from consumption/utilization rates 
by taking the figure for the adult as unity and obtaining the relative 
values for the others. . 


6.4 PROPOPTION 


Provortion is a snecial type of ratio in which the denominator 
incluces the numerator. We have alreacy seen some of these proportions 
in connection with definition of literacy. "“e shall now consicer a few 
more which are important in Gemocraphic analysis. 


Sex proportion 


The sex proportion is usually defined as the ratio of males per 
105 total population. Thus the sex proportion is the ratio of nv”ber of 
males to total number of males and females and is usually multiplied 
by 100. This porportion can se calculated by age, geographic or other 
characteristics. 3 , 


The sex proportion of the population in Tanzania, 1978 is 


SP = (3350492) /(&350492 +8666006) = .49. 
This can also be obtained from the relationship 


SP = SR/(100 +SR) = 96.1/196.1 = .49 
‘The sex proportion gives an incication of the composition of the popu- 
lation by sex. . . 


Urban. proportion 


The urban proportion is defined as the ratio of the urban to the 
total population. This may be calculated by age, sex and residence. ‘The 
urban population in Zanzibar in 1978 was 154989 out of a total of 
476111 so that the urban proportion is: 


_ _UP = 154980/476111 = .33, i.e., 33% of the population of Zanzibar 
in 1978 was defined as urban. 


6.5 PERCENTAGE 


. Percentage is yet another special type of prorortion in which the 
ratio is. multiplied by 100 so that the ratio is expressed per 100. 
“atios and percentages are useful for analysing the composition of a set 
of events or of a nopulation. 
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e have already heen familiar with percenteces while considerinca 
some of the Srorortions like urban nronortion etc. 


Oe of. the most inmortant ap lication of percentacse distribution is 
that of the ace cistrikution. It is usually carried out by sex, cco 
gramiiic characteristics and ky ace or age grouvs. In calculatine the 
percentages, it is advisable to exclude the wknovn cr age not stated 
category, proviced that this catecory is not very larce, say, less than 
%- Takle 11 gives the nercentanoe ace distribution for Tanzania. “he 
calculation of the percentages at any age, sex grounp is straicht forward. 
For example, the percentage of males aged 25~2° is 100(number of males 
aged 25-25) (amber of males in the country) 3 


= 100 (610325) /(85°7036).= 7.71 


*llied to the percentace agé distribution is the cumulated percentace 
eistribution which is obtainec by cumulatina the vercentages from the top 
dornwercs, These figures in tic toble Od pals 125 ure obtained =? pom 
table 11. these are of creat value in the calculation of the 
percentages including the median anc in the application of the Coale~Demeny 
methoc in the estimation of vital prarareters fron ace distri} ution. 


“he mercentage distribution of the fertility schocdule and the 
cumulated form are important in the study of the age pattern of fertility. 


6.6 DROPASTLITY 


ee 


Rates and ratios provice us with a set of useful measures for 
answering questions on wortality, fertility and other aspects of a 
ropulation. In the study of nortality esrecially there are several 
questions needing answers which require the introcuction of other measures. 
(ne of the most important measure in mortality is the expectation of life 
at birth and other indices of mortality which come frem life tables. 

In orcex to introcuce the concepts and terms in a life takle, we neec to 
introduce the concept of probability. A protability is similar to the 
rate with the denominator composed of all. those persons in the given 
vonmulation at the beginning of the reriod of observation. Since it may 
te difficult to have such data, we try to utilize measures already known 
40 arrive at the require probability. 


One of the most important element in a life table is the probability 
of survival from an exact ace for a period of one or five vears. This 
is denoted by p, orp, respectively. ‘the complement, i.e. the proba~ 
bility of eying“ is ac#ained by subtracting the value from unitye Hence 
G, OF .@, is equal to respectively l-p, or l~,p,. Approximately : 
q, OF .o,, can be obtained from. the age specific death rates M. or ol ‘ 


va 


The relationship is ‘a or /(2+ rn) 


~G. = 2(5) ft / (2+5,!,) or generally, 


SZ : 
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“Bran these vrokabilities we can cbtain the other life table functions 

as follows: if 1, is the radix, i.e. tre hyrothetical number o= rarths 
then the survivors of these births can be obtainee by multiplyinc the 
number et births bv Lota = COR probability of eyyyivat to obtain the 


nurbers Surv iving at ricug ages. For exanr ‘le 
1, = a 
= 1, 9eco9d 
Thus 1, is tne dd es survivors ge exact age X. 


The aoa of deaths can then be obtained by diffsrencing - the values 
of lL at consecutive ages. For Pe circieme Cy = = Pi 4 z= bate 19? “ye = 


Generally, n@x * x ioe n° 


La 

x x +1° 
Another irnortant cencept in a life table is the years lived between exact 
age x and x+n defined by the symbol nx or Le sueas For aces 5 to 


75, this can approximately be ehtairied oe the formule: 


ih 
“ + 
n-: H~ 3 (n/2) (iL sae n° 
For the very young aces since the curve of mortality changes Be tical, 
a linear assumption, as implicitly implied in the formula alreacy cuoted 
for ages 5 to 75 will not be avmropriate. Hence some modification will 
he needod to account for this fact and we obtain: 
ws + .6 

Tn 33 1h 67 1, 

ay res 1.4 13+ 2.9 i. ; 
The problem at the older ages is similar. The curve of mortality falls 
steeply and a linear ss cannot be justified. Since it is not neces~- 
sary usually to have the iife table values heyond age 75 or §9, ve ter~ 
minate the life takle Say at’ age $0 anc’ consider only the grour 80 vears 
and above. 


_ oe formula for the years Lived after. age 80 is denoted bv 


or I. .+ Or Tage anc the formula for L..+ or T: 


ooh 80 &G 
1 ; (3.725 +.0000625 Legis 


£0 50 + 


We have alreacy seen the symbol T,, which is emzal to L.,+ or the 


&O 


e, total years lived after age 80. We can’ -cefine T. as the total years 


lived after age x which can be seen to be equal tS the sum of L values 
from aga .x onwards. A special value of T. is the value at age *y 
y Ty and this gives the total years lived at age zero. 


An important function derived cm a life table is the averace 
number of years lived kv a hypothetical cohort of births which is implied 
rod a given life table. This average can be obtained as the ratio of T 

O 1, value. At other ages the average is obtained bv clividine the T 0 
vail by the 1. value. “he ratio is Aénoted hy the symbole. Thus ms 
the value of & 6 which is the average nutter of vears lived a 
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hypothetical k irth cohort. obtained by divicing T, by 1, is know as the 
expectation of life at birth or at age 0. ‘The values 8 e at other 


values of x denote the average number of years lived by a. ““nerson aged 
exactly x years. 


In addition to reasuring mortality and providing an index of level 
of living as shown by the expectation of life at birth, a life table 
enables one to answer cueries on the survival prohabilities of persons 
at a given age for the next n years, the provortion of a given ace 
group surviving upto a given age, for comoaring mortality exneriences 
of countries at a given time or of a country over time period, it also 
provides tool for several analytical methods like studyina widowhood, 


| orphanhood , length 6f working age, Marital life etc. Life tables also 
are basic in the construction of stable pooulation models, for porulation 


projections and estimation burnoses. | 


6.7 STANDAPDIZATION 


A crude rate is not a reliable index and more detailed measures 


- like age snecific rates are so detailed as to make-them cumkersome for 


interpretation. Occasicnally, brevity is essential.and a single 
accurate figure is needed as a basis for comparison. This is secured 

by considerina the cGetailed information for a population to a standardi- 
zec. or adjustec: rate. ‘his manipulation has sane adwantaces of both 
exude and specific rates while avoicina some of the disadvantages, It 
summarizes a set of age specific rates independently of age comrosition 
and at the same time shows the probable influence of a population ade 
comoosition on its crude rates when its actual age specific rates are 
not known. ‘hese are achieved by the 4,, methods - the direct and 
indirect method of standardization. In the method of direct stancardiza- 
tion, we apply ace specific rates to a standard population an? in indirect 
standardization we use rates from a standard nopulation with age dis-~ 
tribution of the civen population. 


Thus standardization serves the nurpose of refining commarison. by 
statistically eliminating an extraneous source of variation in the data 
that may seriously affect the analysis of the subject under investigation. 


“We have already seen the sex age adjusted birth rate anc the total 
fertility rate (the gross reproduction rate being related to TT? through 
the sex proportion at birth is also included) as examples of scme sort 
of standardizetion. We shall take up some illustrations of direct and 
indirect standardization based on data from ‘anzania. 


The crude birth rates in Zanzibar and Mainland basec: on reported 
births of the past year came to 48.0 and 45.2 respectively. Thus Mainland 
apparently has a birth rate 5% lower than that of Zerzibar. In order to 
see the effect of age-sex distribution on the rates, we can standardize 
the rate by direct method. For this purrose we use the age = ear 
fertility rates of Mainland i anc. the age distribution of 
females in Zanzibar as given in Table 6. With these 2 sets of values, 
we can calculate the expected number of births in Mainland had it 


SF 


nossessec an age~sex distribution like that of Zanzibar. ‘The expected 
number of kirths is the product of age specific fertility rates and the 
corresponding number of femal es, i.e. 


Exnected No. of births = (.152) (24182)+ (.308) (18259)+ ... 
+ (.037) (5990) = 19694 


Standardized birth rate = Expected births 3 
“ye Total population of Standard Population 


= 19614 = 41.2 
476111 


This is 11% lower than the crude birth rate in Mainland. Tt shows 
that if Mainland had a similar age~sex composition as Zanzibar, the 
cruce birth rate would have been even lower than the 5% difference noted 
by the crude rates. 


“hus for the application of the direct method of stancardization 
we need age specific rates for the population for which we are calculating 
the standardized rate and also we necd an age distribution of a standard 
population. It could be the age distribution of the population with 
which we are trying to compare the rates or it could be a third ponulation. 


hen we do not have specific rates as in the case of mortality in 
Tanzania,, but have only a crude rate, then we have to utilize the 
indirect method of standardization. In this method, we use the ace 
Gistribution of the population for which standardized rate is being cal- 
culated along with svecific rates for a standard population. ‘The method 
is to calculate the standardized rate by multiplying thé svecific rates 
of the standard nopulation by the age distribution of the nopulation for 
which the standardized rate is being calculated. 


The crude death rate in Mainland Tanzania has been estimated as 
1$.1. This .is for both sexes. Since male mortality has heen observed 
to be higher than female, the crude death rate for male may ke hicner 
than 19.1. Assuming that the ade specific male death rates of Sweden 

in 1980 is used as a standard along with the age distributicn of male 
Be at ion in Tanzania as from the 1978 census, we can obtain an expec- 
_.ted number of deaths and then an indirect standardized death rate which 


"ean then be compared with the reported crude death rate to see the effect 


of age distribution on the ceath rate. Table 18gives the ace specific 
death rates for males in Sweden as of 1980. 
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Table 1g AGE SPECIFIC DEATH RATES, MALES - SWEDEN, 1990 (ner 000) 
Age __0 1-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 
Ben Sree eee 0.3 0.2 0.6 Se Bae) .2 > 1.3: ee a 


Age _45~-49 50-54 55-89 €0-64 65-59 70-74 75-79 90-84 85, All ages 
EB Eee 20.7 17.9 28:4 a geay 123.9 2822 122). 


. 

: Using the age distribution of males in Tanzania Mainland in 1978 as 
§ given in Tables 4,6we cet the expected number of deaths as: 

: Expected, number of deaths = (8.1) (294731) + (0.4) (1219561) + ...+ (123.7) 
. Rebctan sc £35293) + (222.0) (50119) / = 44021. 

P 1500 

4 Peportec deaths = (19.1/1090)/(8350492) = 159494 

t Age adjusted death rate -— Renorted Geaths X Death rate of standard ropulation 
. Expected deaths 

: = (159494) (12.1) = 43.8 

9 44021 

4 


: ‘Thus, instead of the 58% difference shown by the crude death rates 
‘of Mainland and Sweden, the stancardized rate indicates a 262% difference. 
The lower difference is due to the favourable age distribution in Mainland. 


6.8 INDEX NUMBERS 


There are various summary measures which are used in the evaluation, 
analysis and interpretation of Cemagranhic data. ‘ame of these indices 
will be considered here. 


Inéices of digit preference 


As mentioned in section 4.4, one cf the mejor errors in single 
year of age data is that due to digit ,-referen: ot reporting. Even 
though the incidence of this error or bias can he noted either fram the 
data itself or more vividly from the single year age pyramid or histo- 
gram, it is still necessary to arrive at an index for measuring this 
phenomenon so that it could ke used for comparative purposes by sex, 
over time, geograpliic area, socio~econciaic characteristics, etc. 
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(i) Whipp les Index 


This index is one of the simplest summary measure of incidence of 
preference for digits. Typically, it is calculated to measure the 
strength of preference for digit 0 or 5 or both since, in most cases, 
it has been noted that 6 is by far the highest preferred digit in age 
renortin: followed by preference for digit 5. Since other types of 
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errors like ace oreference, age shifting, selective under or Over 
ame are found in young and or old ages we consider only ages 
~€2 in the calculation of Whipple's index. It is caloulatec se}ar 


lees Be for each sex. 


“For measurinc the strencth of preference for digit zero, the index 
is definec. 


P39* Paot Fs0* “60 eee 


Eo 255 Poa4 Posareetecot Pe1+ Pe) 
20 ( . ) 
Where ee = Population of a given sex aged X years. 


A similar index can be definea for measuring the preteen ie digit = 
Here a, value of 100 indicates no preference anc 1900 indicates total 
preference for: the digit. For measuring the incidence of preference 
for didits 0 and 5, the index is defined as: 


Pog + Paq+ P35+ P54 Peg * 100 


ie... P, ee) 
z ( 23 24 Fey * 62) 


This index will lic between 100 an preference) and 500(total oreference). 


rom Table 4 we can calculate paepoles index for rural males in 
the Mainland as: és 


| eee 3 955 + 
Die eee Pans Pgs ee ae oP ke (116752+ 129552 4 


105580 + 101759 + 9$98302+ 84514+ 53826+ 76182) = 766467 
The population aged 23 to 62 can be written as: 


Po3” Poa+ Pos-a5 +? 30-34 +P 35-39 + Pao-44 +P 45-49 + 50-54 +? 55-59 


- 
60" * 6 7 S62 & 67552 + $5261 + 459213 + 354808 + 353208 + 263108 + 271465 


+ 181256 + 76182 + 13910 + 20082 = 2347760 
Fence Whipoles index, 100 (766467) /(2347700/5) = 163.2 


-.. fable 5 gives the values for females and urban areas. From the 
table we note that the index is very large - more for females and for 
rural oe Sra 


As can be noted, the : chipples index is jetieral ig calculated for 
measuring preference for Gigits 0 and 5 which are usually attractive 
digits for rerorting aces. But, at the same time, there is need for 
comeining in one index, a measure of the attraction of preferred digits. 
this is to a certain cxtent taken care by the following index which is 
called as 'Dicit Preference Index" (DPI) . 


Salsa She 


Leh e aia 


—— we 
ts oe 


ee) ee ee ee en ee ee ee re ee ee Shee ee 


ey eee 
(ii) ™he Dicit Preference Index (DPT) 
erence incex (bPr) 


tn this index, first we calculate the nercentace reported 

in each of the terminal digits 0, 1, 2, ... 9 in the age range 19~6°, 
(This age range is used to avoid the tyres of other errors indicated as 
in the ease of Whinple's index). If there had been no preference for any 
specific digit, then each of the percentage could be near 10. Deviation from 
10, indicates departure from no preference and the index of Gigit preference 
is defined as the sun of absolute deviations of these percentages. calcu- 
lated at each of the digits. : 


For example, for digit '2' the vercentage is calculated 
as | 


2 


Pia Py) 4 ees 


OF 
Similarly we can calculate Doe Dye ets Dg: ; 


the DPI = Sum of /D, ~ 10/+ /D, ~ 10/+ ... + /P, - 10/ 


The value of the index will be between 0 (no preference) and 180 (one 
snecific digit is preferred over all others). 


(iii) Mver's Index 


In the calculation of DPI the starting digit 9 gets an undue 
advantage. Myer's index is similar to DPI but cives equal chance for all 
digits to get all positions. In other words, in Myer’s index ten mat- 
rices are considered instead of one matrix starting with "10° 

As in DPI the numbers reported in %, 1, 2, ...9 are calculated 
first in the age rance 10-59. Then similer calculation is done for age 
range 11-60, 12-61, 13-62, ... 19-68. In other words all digits 9, 1, 

2 o»0,% Get all nossible sositions in the arrangements and hence do not 
have undue advantace/disadvantage. Then nercentages are calculated 

at end digits 0, 1, 2, ...% and deviation from 10 summed un irresrective of 
Sion to obt2in the Myer's index. lUere also the value will he between 0 

(no preference) and 120 (total preference for one dicit). 


The calculation can be simplified if one uses the following scheme: 
Age range Population with digit 
QO: Lp 5 GC = BS eee 
| i VN. BA A. 
10-59 AS: Ay a a, a A, A. Ao Mo Ag 


20--69 B By Bo Be Ba Be Be Pa Bo B 


For exarmle A, = P, +P, 
=? » D ge and so on 

= > 267 A6* S64" 66 an 

From the set of (4,7) values we calculate blended sums as follows: 


Be 


. _— - on: : "Tay 4 S 
Disit First Sum Weight Second Sum “eight Blended Sum 


(1) (2) (3) (4) (1) x (2)4 (3) x (4) 
9) A, 1 um 9 CS 
1 Ay 2 By & Cy 
2 A, 3 B, 7 C, 
3 Az 4 B. 6 Cg 
4 A, 5 Be 5 Cy 
5 Ae 6 Be 4 C. 
6 Ag 7 36 3 Ce 
7 Ay g 5. 2 Cy 
8 Ag 9 Bo 1 Co 
3 ho 10 By 0 Cy 


2) 
ie 
-) 


For example C, 6A. +45, etc. 


C 


Sum of C's =C, +0, +0, + cece Cy 


Blended percentage at digit 'i' = Cc; x 100 = Ds 
Myer's index = “um of absolute deviations D; - 10 


=P. = 10/ +, = 10/ #26 ¢ 1D + °10/ 


From Table 4 we can calculate the values of A and B. “e illus- 
trate the calculation of A, and By i.e., the sums of ponulations with end 
digit 1 in the ase ranges “10-59 “and 28-69 for males in rural Mainlane 
Tanzania as: 

Ay = Pia + Poa > a1 + Pay + Poy = 146917 + 74495 +4 54237 4 32393 
+ 23030 = 331972 


B, Po4+ Pay + Pay * Ped she Pel = 74495 *54237 4323934 23030 413910 = 
198965 


»»/ 9d 
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Similarly we can calculate all the values of A and ”" as’in the following 

table: 

Digit A Weight $B ‘Weight Blended Sum % Deviation 
. fron 19 


aa atest eeereeinreceeetesensiatessnseimesichoesasoeedminainamisicaaiaiantin amisanamanummeummaamananaei diana 


0 653837 1 516224 9 5319298 feet 5,2 
1 331072 2 193965 Q 2246664 6.5 =3.6 
2 476394 3 2804 86 7 3302594 9.7. -0.3 
3 354636 r 197317 A 2692446 7.5  ~-2.5 
4 369790 5 229806 2952980 2.5 ~1.5 
5 540426 6 416803 4 4999762 OR Stee 
6 379302 7 248203 3 3493223 O58 2:60 2 
7 299045 7 138797 2 2769954 7.9 2.1 
6 469245 9 329370 1 4552575 As ae Se 
9 271746 10 194739 n 2717469 fC ay 

Sum 34257952 


Results for females anc for urban areas are riven in Table 35, 


United Nations Age accuracy Index (Joint Score) 


When age data are presented in five year or ten year vrouns, 
an idea of the quality of the data can be observed by calculating age 
ratios and sex ratios. Fluctuations of ase ratios from 109 and of sex 
ratios from one age to another will give indications of age reporting end 
other errors. » 


‘ United Nations defined an age ratio score as the average of the 
sum of absolute deviations of ase ratios from 19% and a sex ratio score as 
the averase of the absolute deviations of consecutive sex ratios. Thus 
-we will have 3 scores:- “ale age ratio, Female age ratio and. sex ratio 
scores. (WARS, FARS & SPS). United “'ations derived a combined measure of 
age accuracy based on these 3 scores and defined it as: U.N. Joint, = 


Age accuracy Index 
- MARS+ FAPS+ 3 SRS 


A value of UN Joint Score more than 40 indicates poor quality 
of data. A value between 0 - 20 is considered accentable and between 
71 - 40 as usable with some adjustments. In cases where it is very hich 
d.e. more than 69 or so, as in the case of the data for the coumtry in 


1967 or for Zanzibar even in 1975, creat care and caution is called forth 
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in the manipulation of the age sex related data and every eF-ort soul 
he directed to improve ave - sex reporting in future data collection 
offorts. 


Replacement Index 


This measure related to reproductivity ir the five years pre~- 
ceding the observed ave distribution and hence is defined as the ratio 
of child woman retio in the observed noculation to the corresponding 
ratio in the. life table or stationary nonulation. (basing on children 
under ace 5). Similar reasure with other zrouns can also be cefinec. 


Replacement Index J = ie oan} +{-- 0-4 )-4) 
Li. 2 en 

rs 

(He - 49) ( |, ) 

15 : L 15 = 4g) 


where Baca : Children aged 0-4 (hoth sexes) 


Mis-ag = Female population in revroductive age 15-49 


L _ - 4 = ale life table population aged 9-4 


oa Fee hon in age bo — 
Log = Female life table, nooulation aged 9-4 
f£ 
L yc-49 = Female life table nonulation: aged 15-49 


Index of dissirilarity 


A summary measure of the difference between two age distribu- 
tions is based on the absolute differences hetween the nercents at each 
age. The index is obtained as the si of nositive differences or half the 
sum of absolute differences. “le save already referred to the Duncan 
index and mentioned it as equivalent to the index of dissimilarity. This 
is yet another instance of the annlication of the index. It can also be 
used in cormarinse two nercent distributions, sav of areas by race etc. 


ve SIMPLE INT=PPOLATION “IT EBQUAL AN? TSECUAL TITEPVALS, EXTRAPOLATION 
DEFINITION: 


___ Interpolation is defined, in a narrow sense, as the art of infer- 
ring intermediate values in a piven series of data by use of a mathematical 
forruia or a sranhic procedure, 


Extrapolatio is the art of inferring values that co beyond the 
a serics of data by use of a mathematical formula or a eravhic pro- 
cedure. } ! 


any of the techniques used for internolation are suitable for 
extrapolation. Hence the term interpolation is commonly used to refer 
to both interpolation and extranolation. Interpolation is not only used 
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S i ; 1 ty : > ' f 14 x f Cy 24 on > = . 
ee coe intermediate varus (e¢.7. annual ponulation figures from 
cE . figures) but also for subcividing-grouned data into comonent 
yarts (e.¢..figures for single years of age from data for five-year age 


¢ x eS LO AN 2s . ; 
groups) and for inferring rates for sub-prouns from rates of broad groups. 
NATURE AND TYPE OF INTERPOLATION 


___._There are various methods of internoletion...:It is,a matter of 
individual judgement whether the method selected-4s suitable and whether 
or not the approximation is of useful quality. For extrapolation, there 
1s even less basis for judgement in the degree of error. Extrapolation 
is generally.more risky than interrolation. The. results,.are subject to 
large errors because past trends are not always indicative. of what will 
happen in the future or the relationships in one part of :the range of 
the data may not be a good indication of relationships in another part. 


_.... ..,Interpolation by mathematical formula has the quality of impu~- 
“ting ‘a regularity or smoothnéss‘to the piven series of Gata or even imo- 
sing these characteristics on the data. The regularity imputed or imposed 
may be unreal. True fluctuations in data on porulation may. exist due to 
past variations in births, deaths, and migration, especially there 
have been wars, epidemics, population transfers, refugee movements etc. 
Interpolation may usefully serve to adjust defective data, even though 
some real fluctuations are removed, or to eliminate abnormalities from 

a series, such’as those due to war, when the underlying pattern or trends 
is wanted. — | | ope scto dk 


7.1. | INTERPOLATION MSTHODS 
Graphic Interpolation 


For many. purposes. it may be enougn to plot a series of given 
data on a laree-scale granh, draw a free-hand curve through the plotted 
points, and then read off the intermediate points from the graph as 
needed, However, this method does not satisfy certain reculrements _ 
particularly for those peonle working with large amounts “of demographic 
data~ For one thing, the requirement of renroducibility 1s not met. 
Different workers will produce different results with the hand-and-eye 
technique, even though such.differences may not be large. For another, 
the computability requirement is not met. The access to desk calculators 
and electronic computers has generated a demand for corputable inter- 
polation procedures which can take advantage of the sneed and econony of 
these machines. Another disadvantape of gravhic interpolation is that it 
may be difficult to read off nore than two or three significant figures 
from the graph. Data that, denict a linear trend are easier to plot than 
those having 2 norlinear trend and therefore it has been the practice 
to transform the latter type o= data into a form that yields a nearly 
linear trend. The methods of data transformation include the use of 
logarithmic scale, plotting? of reciprocals or the george root of the 
original data. There are statistical tools, which are fairly Simple, 
that can help to detect the tyne of information that will yield a linear 
or a close to near trena. 
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Polynomial Internolation 


Polynoriial interpolation is internolation where the series 1s 
assumed to conform to an eouation of the general tyne: 


ye RE BRECx’ + Bx” See 
More or fewer terms may be used. A straight line or linear equation will 
be of the form ee 

y= At Bx as . 
and since there are 2 constants A and B in the equation, this can be 
obtained with two noints. A auadratic, or parabola, which requires three 


points for it to be obtained is o* the form 
| y = At Bxt Cx" 

More generally a polynomial equation of the nth degree reouires n+] points. 
The choice of the decree of polynomial would depend on the nature of the 
data to be interpolated. A method of polynomial interpolation is dis- 
cussed below. 


Waring's Formula 


This is also known as the Lagrange Formula or the “aring-Lac- 
range formla. The Waring formule is used to derive the mulitinliers 
to interpolate for the f(x) value corresnonding to a given value of x 


The formula for interpolation between four points by a polynomial 
1s gees ; 
. (x-b) (x-c) (x-d) 1) (x-a) (x-¢) (x-2) 
*G) = FC) taxpytaccy(a-dy ©) Ch=a)tb=c)(=a) 
£(c) (x-a) (x-b) (x-d) (x~a) (x-b) (x-c) 
te-ayte=by (era) + *°°) Ga-ayereytdeey ° Whore 
f(a) is the value of the function when x = 2 i.e. 
f(a) is the ovserved value of the y ordinate for the abscissa 
x = a. Similarly for x = b,; c and d. 
This is equivaien to the polynomial . 
ee ¥.8 A YRx ea By” = £(x), 
passing through the four noints f(a), f(b), f(c) and f(d) to derive f(x). 


The points do not have to be equally spaced. Internolation along a 
straisht line would use the formula 


fs) = (a) A+ tm) FEB 
This formula enables internolating a value f(x} which lies between 
£(a)..and £(b), i.e. for values of x between a and b. For example the 
population of Zanzibar in 1957 was 299,11] while that for 1967 was 354,815. - 


ee a 
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Suprose we want to estimate the population of Zanzibar in 1960. Then 
using the Waring's formula for two points we have 


Population in 1960 = £(1960) = £(1957) (1980-1967) 4 ¢¢3967) (1960-1957) 
ee ae ci9s7=1967) * £97) Gog7=zas7y 


=~] 5 
299,111 ban + 354815 iat 


299,111 (0.7)+ 354815 (0.3) 
315822 


Suppose we apply this to the 1957 and 1978 fisures to estimate the 1967 
figure. The Zanzibar population for 1978 was 476,101 Ae 


£(1967) = £(1957) {4967-1978) + ¢¢4979) (1967-1957) 
(1957-1972) (1978-1957) 


(-11) . (19) 
299,111 2) + 476,101 (2h 
(299,111) (0.5238) + 476.101 (0.4762) 
383,391 


ge 


i.e. by using Warinz's two point formula the population of Zanzibar was 

383,392. Compare this with the actual census figure of 354,815. Using 

census fisures for 1957, 1967 and 1978 a three point. formula can be used 
for estimating population fipures for the years between 1957 and 1978. 


From table on pege leQas-siculate the multiplying factor corresponding 
to £,/f, = .429 for age 15-20. The table shows the following miltiplying 


= .339 with multiplying factor 1.959 


£./£, = .460 with mtiplying factor 2.305. 
Hence multiplying factor for £,/f, = .429 will be .. 


1.950(.429- .460) : 
aan gay t 2.305(.429-.330) 


ae “460>.330 
WR.2 GRADUATION AND SMOOTHING 


Graduation or smoothing is another type of interpolation designed 
to obtain a smooth series of values from an irregular series of observed 
values. The smooth series thus obtained is -tak en to represent some 
underlying law governing the behaviour of the observed data. Gradua- 
tion is commonly used by demographers in connection with the adjustment of 
series on the age distribution of population. , 


One of the simplest way of graduating or soothing of a set of 
data is by graphical means. But, this method is subjective and not much 
accuracy can be expected. Algebraic methods like fitting curves, inter- 
polation formulas etc. are also available for this purpose. We shall 
now consider one group of formulas based on the concept of moving averages. 


../16.4 
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In the analysis of time series data the method of moving averages 
is usually applied to remove fluctuations an’ come out with a set of ; 
smoothed values. Even thouch in demosranhic analysis the conditions tor 
the application of the method may not be fully satisfied, (in addition to 
random fluctuations there could be high systematic errors), still the 
methods seem to work tolerably well when the magnitude of errors of a 
systematic nature (like digit preference error) are not large. Again if 
one knows the age ranzve within which the error may be occuring, one could 
consider these ages for calculation of the moving averace (e.g. a ten year 
cycle may remove some of the digit preference errors as all digits are 
included in the calculation of an average). “then five year of age data 
is considered, then perhaps the inclusion of one or two adjacent age 
groups might be sufficient to account for shifting etc. 


The U.N. 3 point formula 


This is obtained by iterating a moving average straight line 
twice. For example, if x,, x,, X_, X, .... are equidistant values, then 
the moving average obtained 2by sitting a straight line through 2 conse- 
cutive points will give a smoothed value for a midpoi nt. Thus 


x 5 (the smoothed value between x, and x5) = Xy+ X, 
ae | 2 
similarly Xs = Xo+ Xz and ‘so on. 
> 
ek Now if we fit a moving average straisht line to these smoothed 
values, then X, = Ris + ars =X 4 X, : Xo + Xz 
PD 6 2: a Poe 


ye 


7X + 2% +X 


The forma thus is written as 5 (1,2,1) where the weights are 4, 3 and 
a for the 3 consecutive points and the mid value is smoothed. 


2 ie It is very suitable to apply this formula to smooth data given 
in five year age prouns, especially when migration or other factors also 
might have affected the age distribution in addition to digit preference, 
age shifting etc. ; 


The U.N. five point formula 


_ In this method five consecutive equidistant values are utilized 
to arrive at the smoothed mid value. This is also a moving average 
method and is based on similar premises as the 3 point version civen 
earlier, The forma is written as : i 


ne - 1, 4, 10, 4, - 1) where the weights are. 


2 ie OR 
16, I6, 16, + 20s 
the smoothed mid value. versed 109 


1 for the five consecutive values to arrive at 
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: This formula also is useful for smoothing five year of age groun 
data but since it uses five points it is better if migration or other 
factors have not affected the age distribution. | : 


A milder version of the UN Secretariat forimula given above is 
based on the formila: J ( ) | 

eH. ( a i 4, 30, 4, = 1). 
As can be seen, this formula gives more weight to the value at the middle 
and hence is useful when error are not very drastic. 


Prom Table 6 _ Showing the five years of age group data for males 
Pee b we can obtain smoothed values using the above formulae as 
Ollows: cae 


Three point formula 


Smoothed population aged 25-29 years = 1/7P 


f Poo-24 +2? 


25-297 
; 30-34 7 

= 4 /-586580+2(610325) + 4575377 = 566192 
U.N. Five point formula 

Smoothed population aged 25-29 years 

aE FPisig+ 4 Poo-28 ae Pos-29 + * Psp3z4 > Pas_zo 


oe /- 841340 + 4(586580) + 10(610325) + 4(457537)-4395157 


= 562429 


Five point formula (Mild version) 
Smoothed population aged 25-29 years 


=A Pye tg +4 Pogza 4 30 Pocrg+ 4 Psgzq ~ Pagzol7 
36 


= 1 /= 841340 + 4(586580) + 30(610325) +4(457537) - 439515 7 
%6 Re) wed ™ ONE 


= 589038. ee 
Newton's halfing formula 


This is actually an interpolation method to split data given 
in 10 year age group into five, year groups. As a smoothing technique it 
is applied when single year or five year o£ arco data are found to 
be affected by digit preference, age preference, age shifting and other 
types of age reporting/recording errors. 


.-/1C6 
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Single year or five year data are combined to form ten year 
groups and these are then split into five year groups by the Newton's 
halfing formula: 
for the first half: i (1, 8, - 1) 
16a ) 


for the second half: 1 (-1, 8, 1) © 
16 


Thus, #£ we have 3 ten year age grouns, then the middle group can be split 
into five year groups by using weights 1 1 and - 1 and 
iF 16 ‘ 


i by $ and1l_ respectively to get the first and second five years groups. 
16, 16 
.Carrier - Farrag ratio method 
Another method to smooth age data by srouning first into ten year 


groups is given by Carrier and Farrag. Schematically the method is 
illustrated below, 


Age Group Five year Ten year Ae | k 
group Pop. sroup Pov. 
(1 (2). (3) (4) (5) 
5-9 Be 9 ee 
ee Pi0-14 
15-19 Bre. P 4 
15-19 tts (Pek, k, 
20-24 wee Jee k, 
25-29 Bo P 4 
25-29 A. (Po ek k, 
( See we = 
sae ee P30-34 a 
35-39 4 : 
P35-39 P3544 =P as_sq)/(Pa5_gg)= kz kg 
40-44 cas Seat by 


pee * : Hr ok. , or - j 
1 = APS)! OP ys-2y)T 3 kp 2 ACP) s-24)/ Poggi 
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Then we obtain the population in five year age groups as follows: 


P k,(P 


15-19 = 15-24) 


N 
i 
i) 
> 
i 
aS) 


° 25-34 etc 


Thus we can obtain smoothed values only for the second ten year eroun to 
the last but one ten year groun. 


Let us obtain the values for male nonulation aged 25-29 years in 
Tanzania by using the above 2 formulae: We need population aged 15-24, 
25-34 and 35-44 which are respectively: Pj. _5, = Pyc_3q + Pog og 


= 241340 4596580 


= 1427920 


a it a if 
25-34 = P5529 + P29 -34 = 610325 + 457537 1067862 and 


439515 + 321487 = 761002 


Pa5~44 = P35-39+ 40-44 = 
By Newton's halfing formula, P 55-29 - J] 7P 15-24 +8 Po5-347? 35-447 


— 


16 
=F (1427920 + 8(1067862) -761002_ 7 = 975613 
By Carrier - Farrag formula, first we obtain 
4 ~ 
k, =~ Pis-24 Paez, ens 14279207, neqo6> pm PES 9 


Hence k, - 1.075 


= ¥ = ¢ = 553406 
Thus Po5-29 = Fo Poc-34 = 1.075(1067862) 55340 
I+ k, 2.075 
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(Are OSCULATORY INTERPOLATION 


ae | 
Osculatory interpolation formulas are another class of inter- 
polation formilas designed for securing interpolated results which have a 
high degree of smoothness. They are particularly desimed for use with 
rough data. Two formulas are presented here. These are the Karup-King 
Third-Difference Formula and the Sprague-Fifth-Difference Formula. Inter- 
polation can be exnressed in linear compound form, i.e., in terms of coe- 
fficients or multipliers that are applied to the given data. In this 
way, we only have to select the method of interpolation and know how to 
use the multipliers. We do not need to be familiar with the formula 
itself, nor with the mathematical dexivation of the miltipliers. Sets of 
multipliers are presented for the use of ‘the two formulas above. Two 
types of formulas - one for interval and another for srouped data are 
presentedin the following two tables in the next two pages. 


Interval Data 


The Karun-King formula is applied to four points while the 
Sprague formula is applied to six points. We may illustrate the applica- 
_ tion of the multipliers by interpolating survivors to Single ages between 
ages 15 and 20 of the North Model life table level 11 for Females. 


Survivors tq age x out of 100,000 at age 0. 


hoe” Le (Survivors) 
10 i PE EW MY Aes 
1S Ge 71883 
20 : 69917 
gaye. +3 — 67693 
30 , 65200 


35 62418 
first the Karup-King method 


The general form of the equation is: 


aa 


No 4x 2 1.02 Mot ™ Naso 


ales x is a fraction between 0 and 1. 
Ni 9? No 9? Nz 9 and Ny 9 represent four given values - 


mM), M>, mz and m, are the four multipliers associated with the four 
given points, 
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[The Karup-King formula is a four-term third-ditte 


Deed iis qiss = Oe ket age eae - O16 +, 103 +,912 


1@. 


on eae Seek be a geet na hes tae con gman 


' ». FERENCE TABLES OF INTERPOLATION COEFFICIENTS 


Table - .—Interpolation Coefficients Based on the Karup-King Formula 


A. FOR INTERPOLATION BETWEEN GIVEN POINTS AT INTERVALS OF UL? ‘ Kh. FORK SUBDIVISION OF GROUPS INTO FIFTHS <onricued 


eerie 
seociaso So lb pire eee “arte 


~~ 


Sma a nc a 


oo erence 


Cuellicients tt he applied to 


i 
t x ficsepts ee - applied aed 
Interpolated port P ae mrt wane open mene rea rateerereareal | : senate tite Eyal ates 
3 : : | Interpolated subgroup 
SN N3.0 Sau fi 
recital a lin emcees elie P “i ‘las SSR ane GRE ee SSS Se ee 


Gy | Gs | Gy 


Santee a 


ee ae eh ett ne ta tN ene tree eS eRe ovement 6 oe mS Aan eme 


First interval Last pany! 

“4 . ” Oren | ena: re ee eee re ets 
Ha sonticy <4 Apes Se ane REE HO ore) | Firet cifth of G3....., ee - ie +142 LA 
“yy pe Pi kSip: dike GRA i Gan ana we + GM; +55: 1 DeOued firth of 43 4.0 Sie rs he rite = the thw 4.228 

BEG a 9 30 Fre 5D oie. als poate € +,Ag hoe Sts Phir ifr th O35; | 5 aes eter eae ~ 24 +4e 4cLFO 

BAD aa icio. = shea een ie eee 4.282 +004 ! Mourtic tiftn of O3s. 2.3 ee eee + Se ~ OB +. che 


+3 .0G5 


a ree eon ae: 


+, 064 -,204 +3 


C. FOR SUBDIVISION OF GROUPS INTO TENTHS OR HALVES 


es 


Middle interval 


RNR Dare ere eet ae .00G +) OS mies) 9 re am ee ee fe. t,o ee 
Dei a's nace isk ts oe een eH GCS +01) +, loz Coeflicients 10 be applied to~ 
OP PEP PEPIO TE Chips Son = U7 +0 + Agh Interpolated subgroup earner gh: 


AL Stare wk ony hid all oa - 4d +,42¢, +,696 


+, 5640 ~ U5 
+ OBO -,VUli$ 
+. 1060 
+1320 


+, 12403 


' 
+, 50K) =, bued 
+. 124i) ~ HDS 
+,1960 


First tenth of 92.52 icce.akn eee ane 
Seootai tenth OF Voce cveccreseenseracre 
Third tanth of -92¢ - sion we Pehae does 
Fourth tenth of 42.......,. Soo one Fos 
WAtth tenth of S2.,.)......aneseeeeeeee 


Last interval 

OG 41.0100 s09 
- 124 +1, 008 
= 6kb4 +034 


ee rae ode eeer ee 00 
RF ek. sd 5 ee ae. t, Sle 
RN cian scanndnvet ae + Che 


MG rence du ccukd bop rere +072 ~ 336 +,256 
Shi oe ine Rn ete + Ol ~- lz +, 552 j : < 
vice 1 RE ca xs inte es sels five-venths = eoerfictents for 


Na, eres) 000 


eee a ome 


fier hall of 925 47a ee +, 0625 


, -ceecuemeemae: Gueeienieetinerienetieoe + On a 
B, FOR SUBDIVISION OF GROUPS INTO FIFTHS 


een ee: 


Bikth tenth.of 92.0027 5 joel Pear d ete «ORAS 
maga prie Seventh tenth of ©2.....,..0. Pale nelaiote ~, 0105 
Coefficients to be applied tos Rlghih terth of [2,57:<. coy aueeneeere ~ 155 
Hinth teyth of SZ; 0s secunae pee ~ 0115 
Lave tenth of V2..,..2.chs sees eT ~ 0045 


oo 


+, 1100 
+, GHEO 


+, 0040 


‘Sun of coefficients for last 
five-tenths * coelficivnts for 


First panel 
OES Ry Bh ide Sy ie ieee re ee er rye ct ‘025 


+344 = 218 
+, 245 030 
+.176 4,548 
#128 +, Low 
$y hig +112 


oum of coefficients for first 


+, Gs re) + ueZ> 
Brest. Vitth of Wp, cscs n ee eres es vs 
Second fiftn of Bx ea eines axa » 
Meine fifth of Gk eee see ee 
Fourth fifth of Sli. s. hey ccaeie coe 
teat Tifts uf -Oh,7: tvarcetesnletess. ce 


Middle panel 


$064 +152 
+, 008 +204 
= Jch +, 242 
«, 032 +. 2246 
= OLE 4,152 


a meee 


Wiset £itty of 92, 3fin dees chases 
Second fifth of G2, ....ccerreesveeeee’ 
Weta fiftn of 826 cored denser est 
Fourth fifth of 7 ie SR ae 
Last riftth of Ge oe es is MMMM se ay.3 


rence osculatory formula. it maintains the given values, Given points or groups 
must be equally spaced] 


~-_, 


~ 
as “oe Pm 


Table ° *° —Interpolation Coefficients Based on the Sprague Formula 


[The Sprague formula is a six-term fifth-difference osculatory formula, It muintains the given values. Given points or groups 
must be equally spaced] 


A. FOR INTERPOLATION BETWEEN GIVEN POINTS AT INTERVALS OF 0.2 B. FOR SUBDIVISION OF GROUPS INTO FIP TIIS~-¢ ontinued 


— ee eee eee 


Coetficients to be applied to~ 


Middle pasel 


Coeflicients to be applied to-- 


* ‘ , Interpolated subgroup 


First interval 


.0U00} 0000 co isa ts Es oils 
+,1824] -.0336 Second fifth of G3.....,..... %: 
+.2304) -.0416 ve big? ace a rr 
+,.1904] -,0336 Fourth fifth of G3,........... : 
#10241 -,0176 le LU aS or nr 


Seg ae = rien tt SD First ¢ifth of S4,........ nee gtr 


Te ase chic va vnc acon atieaae Secom Pith of 94... 5.6. esac es 

OS eee ceed 1046 Tigra firth of G4,.... 5... saan 

Be ee. sehen Fourth fifth of Sa ee hare aie Cae 
re > awe, «| =.OL70 Tee OF Gh... esc cawns +, 01441 -.0752 +, 033€ 

Lase panel 
SE ae e ; cou}, 000 fT} First firth of G5............., +.0M76 +0704 
See ene ss -.0250] +.0016 |] Second fifth of G5,............ +,1200 
ah . eae : «0736 +,0080 |] Third fifth of 65,,..... Sk ee +.1840 
eee acu ce) te OR oat -.113¢} +.0144 |} Fourth fifth of 95,.........,.. +. 2040 
ee RN ae" i -.0976] +,0123 }] Lust fifth of G5,..... eyes : +. 3616 
hen C. FOR SUBDIVISION OF GROUPS INTO TENTHS OR HALVES 
% Maa. Dearie tried ws iol eye ‘ Coefficients to be applied to-- 
Sy Nete pe aS Interpolated subgroup aearct Peat : 
Be ae ncn ot eee. | 
Biene teauh of ©3..... ccc ckce +.O5101 +,0060] ~, 0040] +, 0002 
a wi aloo Second tenth of G3,............ +, 0338) +,0844) ~,0144) +.0016 
ae eee Third tenth of 63.............. +0154] +,1036] -.0195] +,0027 
nee Fourth tenth of “3........., Ri -,QOL0] +,1188} -,0221| +,0037 
a Cee oars 3 et Gas Fifth tenth of 93,..........005 ~,0133] +,1272] ~.0203] +,0037 
ONS 
7 ll Dell ee a? . 


_ Sum of coefficients fur first 
ea , five-tonths = evelficlents 
Pores irit. mle oF Ss. ccc 


i 
7 

ok, ; 

ao ye OMS det « 6 usd x 


+,0#59| +,5000] -.0859] +,0227 


~ We FOR SUBDIVISION OF GROUPS INTO FIETHS Shs Benth of Gs + ipa eae Genel -.ch3t +209 
ee Sevonwh tenth of 93,....,...... 4.0037 -,0222) +,1148} -.0010] +,0006 
= Eattiierents to be applied to- Eighth tenth of Ga,.0.......... +.Qu27) - G295) +,1030] 4.0154] -,0022 

lnverpolared subgroup i . Mintn-venth of G3... oc. s tKLAL = Ad! +0844) +,9538) -, 
| | > | Qy 3 Gg | Lite senth of O35 eco + Goria) =. U09G) +,0600] +,0510] -.0076 


First panel Sum of coefficients for Last 


five-tenths = eoefficients 


Firat firs: or 8), 


+. Lasts = 0336 


ey te Ore wey ese oa FO * : a G ° 1}: - é 
Soom PEt ot GL... rath ~ CDU8} 4,240} - 0080 Bg soe ee Oy ae 
aert firth of My, e.. se 20400} =.0320) +n 


Porth cir ot & 


vt ithe Coe ee ~ =~ O72} +,0L00 
Pe APU a OD... kc cceaec of oS + 1G] = 0848] + oLve 


Next-to-first panel 


First firth of 5), 
Suomi fifth of Up 
Thies firth or OB, sina Legecane 
Fourth firth of G2, , 

rifth of G2 


he ee a 


ee ee rs 


See eer es owree 


i | 


eed 
We want to estimate the 1 values 
1.e. 16? lias rT and Lic 
The four given values in this case are 


Loe tis? lop ane 15. 


Note that the range 1, to 159 is the middle interval. The tabie has inter~ 
vals which are first interval, middle interval, and last tania | Differ- 
ent multipliers are applicable to interpolated “points of different intevals. 


Oo ~ 
Ww 


Also note that 


ae is a value of 0.2 units-of the way from Lis to Loo: 


Similarly Ly is a value of 0.4, 1 lig 1s a value of 0.6 and hig is a value 

of 0.8. 

He > for 1 i for 3 1] x 1 
ence we have No 4 for le; No 9 For lig: ily for Vas Nog for Li and 

Ny 9 for lig: 

Hence 


moe My Ai0 + "21s eae + Mylyg 
Selecting the multipliers for lye in the middle interval we have 


+ + = 
Pee -0.064 1,7 0.012 1,7. 0.368 1,,° = O06. 


Substituting the values for lige Lice 14 and 1] Loc we have 
“16 | = -0.064(73775) + 0.912(71883) + 0.168(69917) + 0.016(67693) 
= 77303.552 ~ 5804,.688 - 71499 


Similarly for Ly where 


17 = = -0.072(73775) + 0.696(71883) + 0.4224(69917) - 0. 048(67693) 


Note that the multipliers are now different. These correspond to N the 
symboi for lay The same: procedure can be done for the 9’her ages ; 


Le, 11, and { 19° 

The application of the Sprague multipliers is the same except 
that these use six terms. Let us demonstrate this using the same example 
above for 1,,. 


No poe = Ny.9 + ™N2.0 + MN3.0 + Nao +5M5.0 +™%G.0 

i.e: 16 = M15 + Mole + Mz lon +m1,. 4+ ™ chant Mle 

‘Using the multipliers from the tables (note: for ili aste Loy the appropriate 
valine are in Phe next to first interval) and the lsrrespérding i values 


we have 
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1. = =§.0336(73775) + 0.8964(71283) + 9.3024 (69917) - 9.0896(67693) 


~ 


+ 0.0144(65200) = 71504. 


The same can be done for the other ages. 


Grouped Data _ 


So far we have been dealing with interpolation of point data. 
We mow turn to interpolation of crouped or area data. Interpolation of 
grouped data serves many purposes. The most common use is the estimation 
of data in finer detail than is available in published data, ¢.¢. for 
estimating single year figures from published data by five-year age groups. 
Another purpose is for smoothing or graduation of data. Data given in 
single years can be grouped into “‘iveryear groups, then interpolated to 
obtain smoothed esimates by single years of ase. Still another purpose 
may be to redistribute data given in one grouping to another required © 
grouping. It should be noted that the methods describec assumed that the 
pattern of distribution of grouved data is a valid indication of the pat- 
tern of the distribution within grouns. 


The simolest and rather most commonly used method of subdividing 
group data employes the assumption that the data are evenly {or uniformly, 
or rectangularly) distributed within the interval to be subdivided. The 
assumption is that the values of the part are all equal. These are then | 
derived by dividing the total of the interval by the number of parts. 
desired. This approach is a useful basis for obtaining auvick and rough 
estimates of detailed categories under many different circumstances in 
demographic analysis. : 


Graphs are useful for deriving rough estimates for subdivisions 
of grouped data particularly when the groups are uneveniy spaced. One 
procedure for graphic interpolation is to draw smooth lines through the 
mid~points of the histograms and then obtain the internolated results by 
reading off the values of the ordinates along the curve that are at the 

desired abscissas. | | 


The Waring's procedure can also be used for internolation for 
grouped data. However, Osculatory interpolation is preferred for inter- 
polating denographic data. Avsain only two methods are demonstrated. 
These are the Karup-King Formula and the Sprague Formula. Their applica~ 
tion using ‘the multipliers is demonstrated rather than the actual deriva- 
tion of the formula. Again we refer to the respective tables provided 


Let us us, the 1978 male copulation in Tanzania given in Table 6 


- We first apply the Karim-King multipliers which use the Third- 
Difference formila. We want to estimate the population for single years 
in the age group 20-24 using age groups 15-19, 20-24 and 25-29. The age 
§roup 20-24 is the middle panel. So we use the multiplicrs of the middle 
panel. Age 20 is the first fifth, 21 the second fifth, =~ the third 
fifth, 23, the fourth fifth and 24 the last fifth. 


ey fe 


re 


= Ade on 


es example the multipliers for age 20 which is the first fifth are given 


G Gain? G 
First fifth of G, J é 5 
0.964 0.152 -0 .016 
Gy » G. and G. Stand respectively for the population in age group 
15-19 20 = Feed 25°.~ 29 Bi: 
Let Pag be the estimated population for age 20 
Then : ee ) 
Poo = 0.064 Ny sf 02452 N, ~ 0,016 Ny 


where N,; No and Ne are the respective populations for age groups 15-19, 
20-24 and 25-29, 


Hence : 1 
P70 = 0.064 (841340) + 9.152 (586589) - 9.016 (610325) = 133241 


Similarly 


‘~G 
i 


= 0.008 (841340) + 0.224 (586580) - 0.032 (610325) 
118594 


The same procedure can be applied to the Sprague formula using 
the multipliers provided in the table. The formula for the population 
aged 20 years is 


a iets + I+t+mN tr 
Pog = mn, moN, nigh, mN, maigNe + mNe 
where 
Poo = population for age 20 
m. = are the multipliers for the respective groups 
i 
N. = the population for the respective age groups starting with age 
4 group 15 - 19. 
Hence _ 
Pog =~ 9128 (841340) 4+ .0848(586580) 4 .1504(610325) ~.0240(457537) 
+ .0016(439515) 
= -120488 
Bae 4 Curve Fitting 


Demographic data may follow a typical trend or pattern that’ can 
be represented empirically by some mathematical eouation. Curve fitting 
consists of finding a suitable equation to represent that trend or pattern. 


J ; ential equations, trigonome- 
rves to be fitted may be polynomials, exponentia aS 
Be cistions (useful for data that have neriodic fluctuations or seasonal 


one/ hae 
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patterns), or still other curves. The aim may be to fit a curve to 

the date in an approximate fashion, in which case crude methods, e.g. ~« 
graphic or moving averages, may be suitable. At times it may be neces~- 
sary to fit a curve using sophisticated methods, ©.g. moments or least 
squares. The suitability of the fitted curve for interpolation or extra~ 
polation would denend on the nature of the given data, on the choice of 
curve, and on the goodness of fit. | 


© f 7 P : P - 
The method least squares is one of the most popular methods apphied 


in curve fitting. This method minimizes the sum of the squares of the 
differences between the observed points and the points calculated from 4 


the fitted curve.(The expected values) 


i,e, . (Y - Y? = Minimum, where Y is the observed value and Y ‘ 
is the corresponding value from the fitted curve. | 


For example if a straisht line is to be fitted to a series of data, we 
have the equation representing a straight line as 


Y = Aw BX . . 
where A is the intercept on the Y-axis and B is the slope. 


All we need is to estimate the two coefficients A and B using the observed 
values of X and Y, say given for N nvoints. 

By the method of least squares we obtain the equations (known as the Normal 
Equations) | : | 


Se er, Oe 


M+ PF X 


te fe 

} 

ann > ne ; 

= XY = A= X + B= X 5 

By obtaining=’Y,='X, = YY anda X and solving for A and B the equation of : 
the line can be obtained. Higher desree curves can be fitted in a similar q 
way. For example a second-degree polynomial is of the form : 
¥ = A4BX4 Cx" i 

The normal equations for ‘this are 5 § 
er < =Y = NA+ BEX + C#X é 

oe SY = BS B=x? + c=x $ 

7 e?y owe x2, Bex? 4 cux4 : 

oe “to solve ‘for A! 2 ‘ 

All we need to solve for A; B-and C are: %Y x= KX ,SXY FRY j=X . | 
Nae “ ra : ‘ i a c : ha 


_E nential functions are another class of mathematical equations 
useful in interpolation and extrapolation as well as curve fitting for a 
series of data. An exponential function is one in which one or more of 


ye Tan is expressed as a power of some parameter or constant in a 
ormula. ere: 


€.g. Y= A’ is an exponential function hecause X is a power of the 


in sP Le 


me 


A 
parameter A. But Y = X° is not an exponential function because the 
variable X is not a power of parameter. 


“ : 
«xponential functions take many forms. A very general form is 
the power function we 


pe ABS 
This is also known as the growth curve. The seometric and exponential 


growth curves are special cases. 


This equation can be written as : log Y = lop A¥X log B, i.e. 
y = a* bX,, i.e. a linear form between y = log Y and X and hence the method 
of least squares shown for fitting a linear equation can be applied. 
There are other growth curves, some of which are modifications of the 
general exponential equation 
ea AB 
X Bits ae ; 
e.g. (1) Y= K +AB”. This is the modified exponential curve 
(2) The Gompertz Curve is 2 popular modified exponential equation 
given ye 
Y @* 
which can be reduced to 
‘log y = log k+ (log a) B* = K 4AB* where K = log k and A = log a. 


(3) Yet another popular type is the logistic curve also known as the 
Pearl-Reed Curve given by 


2K AB™ 
Y 
‘and can be modified to 
b eee + Cc 
%4 AB* 1,62 thx 


This is generally applied to population growth with C as the assymptote, 
i.e., the upper limit for the growth of the population will be C. 


Let us illustrate the fitting of a straight line and exponential 
curve by using the population figures for Tanzania between 1948 and 1967. 


The population in 1948, 1957 and 1967 in Tanzania were respect- 


ively: | 
ear, t 1948 1957 ** 196F 
Population, y 7744606 9084100 « 12315054 
(t-1957) = x =9 0 Nin eae 
Iiny «Y 15.862 16.922 16.326 


The transformed variable x is taken because it reduces the magnitude of 
the values and hence reduces calculation. We could have taken a scale also, 


ae ge i 
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had the intervals been equal or such as not to increase the computational 
load. 


For fitting the straight line the normal equations: are: 


Sum of y = nay b(Sum of x) and 2 
Sum of xy = a(Sum of x)4 b(Sum of x”) 2 
Substituting the values of n, sum of x, sum of y, sum of x and sum of 
XY; We get, 
29141754 = Say D 


53429140 = a+ 181 b° 
Hence a = 9633263 and b = 241966 


For fittine the exponential curve we deal with log y = Y and proceed 
exactly as above. The normal cquations are: 


48.210 = 3a+b 


20.502 = a+181 b 
Solving we get a = 16.962 and b «= .025. 


ee DEMOGRAPHTC MODELS 


A iodel may be defined as a conceptualization or representation of 
a phenomenon or process. Demographic models represent generalized illus- 
tration of a demographic process or phenomenon and it could be of various 
types. For example, statement that a population is closed to migration 
produces the concept of a population which changes only through the natural 
process of births and deaths. Mathematical functions or formulas like the 
relation between male and female births in a population for a given sex 
proportion at birth or more complicated functions depicting the curve of 
fertility or mortality are examles. Models also could be presented in 
tabular or graphic forms as in the case of a schedule of age specific 
fertility corresponding to a given gross reproduction rate. 


_ _ Models are used to represent some process as fully as possible 
especially when there is insufficiency of data. It may also be used to 
remove some of the errors inherent in data to make the data more useable. 


____ Increasing use is being made of model building in demography. 
The life table is one such. More complex models link together comnonent 
models of fertility, mortality and migration. Stable population is yet 
another well known model. . ; 


‘Life Vables 


_ Mathematical functions like those of Gompertz and Makeham have 
been used in the Study of mortality but inaccuracy in data would make the 
use of mathematical functions difficuit and risky. Comparison with other 
experiences would seem better as in the analogy method. The difficulty 
here would be the closeness of the two experiences in respect of the phe- 
nomenon being investigated, especially when the situation on hand is not 
very clear. : 


want bho 
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Model life tables 


In the study of mortality in Europe, Dudley Kirk and associates 
observed that the mort-lity rates at adjacent ages are highly correlated. 
Thus if some strand of information is avaiable on the mortality, then this 
correlation could be utilized to obtain the entire mortality experience. 
This idea was exploited in 1955 by the United Nations who related mortality 
at various ages throuch a chain regression equation starting with infant 
mortality and early childhood mortality. From infant mortality, through 
the regression equation, the estimate of child mortality is derived 
which then is used sequentially to obtain mortality at other adjacent 
ages. Even though it was a very useful first step in the construction of 
a life table, because then one would need only an estimate of infant 
mortality, three drawbacks will have to be kept in mind. The first is 
that there could be statistical bias introduced by the chain like series 
of regression equation. Secondly, the life tables used to derive the 
regression parameters may not be representative of the mortality exper- 
ience on hand and thirdly, the validity of considering infant mortality 
as an index of mortality especially in view of the heterogeneity cf 
age-sex patterns of mortality has been questioned. “ome of these draw- 
backs have been removed by the development of the Regional model life 
tables by Coale and associates at Princeton University. Two other model 
systems developed are those due to Brass and Lederman. Recently UN has 
prepared revised mode! life tables. 


In situations where mortality pattern is not available, it is 
recommended to use the Coale-Demeny West model because it is based on the 
experience of a large number of countries and may not be too far from a 
normal pattern of mortality. However, if some information is available, 
like the excessive child mortality as in some African countries in compar~ 
ison with infant mortality, then the North rattern may be more appropriate. 


The model life table has become a very useful tool especially 
in the preparation of population projections and for studies on mortality 
in general. Of great value in demography has been the development of 
stable population models based on model life tables. A sample page from 
UN Manual IV showing the life tables at level 11 (West model} is given 


in Table in the next page. 


Stable population models 


In a population with constant fertility and mortality conditions, 
which is closed to migration, the age~sex structure tends to a form called 
the stable age distribution after these conditions have been operative for 
a sufficiently long time. In such a population the nercentage age dis- 
tribution remains constant and the szrowth rate | os 

becomes constant. The equation to a stavle population with 


given fertility-mortality rates is given by the equation: 


C(x) =b “ero , where b is the birth rate, r the zrowth rate and 1 
is the probability of surviving from birth to exact age x. (cx) is the 
proportion of persons at age x), When we considur nopulation in an age 


the ve 7 2 ati = 1 
group, say x to x +4, then the corresponding cquation becomes 


a 


-Pasze:“.1, “West” MODEL LIFE TABLES ARRANGED BY LEVEL OF MORTALITY (conthated’y 


LEVEL 11 © 
Age x Is Bly os aie elaty Tx Se, 
Feniaies 
| aa er 100,000 > 115 1461 90,502 8219 4,500,000. 45.00 
ee ek fy: ces tkys 85,388 0250 =» 0937: 320,442 |” 9288* 4,409,498 ~ 51.64 
é Se 77,389 0058 0272 581,683 °° 9758 4,089,056 52.84 
; ss Paha? 75,285 0043 0212 372,430 9752 3,707,373 49.25 
Ks ey Seo cca 73,687 .00SRB 0284 363,207. 9679... 3,334,942 45.26 
4 Bee I sae ery 71,596 0073 0360 351,543 O618 2,971,735 41.51 
: NS iy ws v chs 69,022 0083 0405 338,115 9569 2,620,192 37.96 
ee 6§,224 0094 0459 323,525 9516 «2,282,077. 34.46 
MS Bs az, 3 63,186 0195 “0510 307,872 9465» 3,958,552. 31.00 
ee 59,963 O16 0562 291,388 9402 1,650,680 27.53 
NN) Ga. oa 56,592 O13} 0656. 273,965 9267 ~—«:1,359,291 - 24.02 
| SE ee $2,996 LO17S 0837 253,884 9039 ~~: 085,322 20.48 
35° Cary 48,558 0232 1095 ° 229,493 8669 831,439 17.12 
Ee Cesc ah os 43,239 10347 1596 198,946 8127 >, 601,946.~ 13.92 
SS een 36,339 949% 2203 |. 161,682 ..7367 - 403,000. ‘11.09 
SaaS 28,333 758 3184 119,112 2 5GSGe oat 8.52 
eS eee 19,311 1344 4448 75,083 S43GSR Gs 322,207" \ 6,33 
S . e eee 10,722 2278 = 47,125 . 47,124 4.40 
ut Males 5 
1 ee a eee 100,000. 1940 ATT 88,499 + -.7983%. 4,211,876 42.12 
oon: Bee OS 82,235 0282-0944 340,632" 9274 4,123,076 49.78 
“i ee oa oss: 75,018. -.Q0S3 0262 -370,1S7- 9773 «3,812,445 $0.82 
SS aaerere: 73,048 O38 0190 361,763 9771 3,442,288 . -471Z 
| , ee 71,687 0054 0268 — 353,478 | 9677 3,080,525.) 42.99 
‘ _ ee Se 69,734 . 0078 0380 342,042. 9601. 2,727,047 39.14 
ae - 67,083 0086 = 0419 3:28,380 (9550. --2,385,005 - 35.55 
piled ee 64,269 0099 -0482 «313,607 4.9476 = 2,056,625 32.00 
he BS eine tener ec ee 61.173 OLI7?, «= S69 297,186 ~* 9368 - 1,743,018 28.49 
2 one yaa ees: 47,693 0145. 0698 «=. 278,395 = 9231 =: 1,445,852 25.06 
= Se 53,665 0177 845 «256,985 —-.9D32_~—,167,457 21.76 
Meee yt, ts 49.129 0233 1102 «232,105 87580 910,472. _-18.53 
aa nee 43.713 0205 1416 203,092 = .8337 678,366 15.52 
i ey 37,524 0432 1951 169,318 9743 475,273 12.67 
a ae 30,203 0607 2636 131,109 6951 =: 305,955 10.13 
| eas 22,241 0881 3610 91,133 $878 174,847 7.86 
i, See 14,213 .1306 -4922 -. 53,578,.. 3600 83,714 5.89 
BN ies aes 22h eee 30,139 coe eee Ak" ee 
ne * Proportion surviving fi i Sis SE 
; fi eihe. & from birth ie 4, 
75. ; 
2 
Ls ae 
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| r(x #255 
c(x, x+4) = be ( ) Ly x +4? where Ly roe is the life table 
$ , , 


oo aged x to x+ 4 and c(x, x +4) is the population aged x to x+ 4 
and r have the same conotation as in the previous equation. 


_ Stable population models have been calculated based on the UN 
model life tables by the CELADE and by Coale and Demeny based on the 
Regional model life tables. Based on the new life tables prepared by UN 
sets of stable populations have been produced. Stable models based on 
Brass life tables are given by Carrier-Hobcraft. 


The stable population model is a powerful tool in the evaluation 
of data and has been successfully employed to estimate demographic para- 
meters in countries with defective and incomlete data. Some of these will 
be discussed in later sections. | 


___ Allied to the concept of stability is the concept of quasi 
Stability which is defined when fertility remains constant for a very long 
time but mortality might be falling but not drastically. In most of the 
countries in the developing part of the world, this might be the situation 
rps and hence quasi stable population theory and models become appro- 
priate. 


A sample page from UN Manual IV showing the female stable population 
(West model) for level 11 and various growth rates is given in Table in next 


page. 
8. ANALYSIS OF MORTALITY DATA 


tm 


Introduction 


‘In most of the developing countries information on deaths is the 
weakest. Either direct information on mortality are non-existent or are 
grossly deficient. Hence recourse will have to be taken to indirect 
methods to estimate mortality. ‘ 


Two such approaches are {1) based on age-sex distribution and 
(2) child survival ratios. 


8.1 ESTIMATION OF MORTALITY FROM AGE STRUCTURE 


The age-sex distribution of a population is the end result of 
fertility, mortality and migration. Thus, if a population can be cons- 
idered to be closed to migration, the age-sex distribution reflects fert- 


ility - mortality conditions. 


In situations where fertility/mortality have remained constant 
for a very long period of time, it can be shown that the age-sex distri- 
bution stabilises i.e. has a constant rate of growth for each age sex 
segment and hence the percentage in any age group will remain constant and 
sex ratio will not fluctuate. Even when mortality changes, but only — 
gradually, and fertility remains constant, we obtain an age-sex distribution 
which is not too different from that resulting from constant mortality. 
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Tasie ll, “West” MODEL STABLE POPU: *\1}ONS ARRANGED BY LEVEL OF MORTALITY (continued) 


a? 


LEVEL ik. ** 


Femaics (Meg'= 45,00 years) 


~ + omy 


re os Ent : Annual rate of increase 
— 10 — 005 .000 * OS> Mao oe 
tee teereal Rs Provurtion in age imernal Wt 
So gt OP rrr ae 0142 0170 0201. .0235 0272. OR1E& 0352 0396..." 0440 0487 0534 0582 0631 
Be res he Cie s eo ee eae .O516 0610 0712 0822 0939 108: 1316 «1447 1579 AAU 1842 1971 
oS ery Tr te eee eee 0643 0743 0848 0957 1069 1401 -1506 - 1606 -1702 79a * 1875 
RO I8 oak. wiv senate segeawneehs .0660 .0743 0828 0911 0992 1206 1265 -1316 -1360 1396 -1425 
SSPE D veg Vey Ven ae eee nwnees 0676 0743 0807 0867 0920 1038 -1061 : alO77 1086 1087 1082 
pe ee eer ere ee ee ee ee 0688 0738 .O781 0818 0847 0887 0884 - 0875 0860 ~ 0840 0816 
SEP Baths da beats ons hy PORK? 0696 0727 .O751 .0767 0775 0753 0752 0707 0677 0645 O61 
i ee bac ror er st tant 0700 0714 O719 .O716 9706 .0635 8603 .0568 0531 0493 455 
ee ee ie pee wre ge 0700 0696 0684 0665 -0639 .0534 welt £ 0453 0413 .0375 337 
MAR inn ith a ne oe Sees ee 0697 0676 0648 .0614 .O575 .0446 0402 0360 0320 0283 0249 
ASAP 0 o.n 5 stan dba eule soe 0689 9651 0609 0563 9514 0370 .0326 0284 247 0213 0182 
50056. cet) ee eee he ee oe ees 0619 0564 .0508 0453, .0302 0260 0221 0187 0157 131 
S539 55 coe eae as So 0637 0574 510 0448 0390 024] 0202 0168 = 0138. O114 0053 
O64 one edie seep his we pie .0581 0510 0442 0379 © 0321 0185 O1SI 0122 0098 0079 0062 
65-69 os Oo nh «ee ante eae 0496 0425 0359 0390 0248 0132 0105 0083 0065 0051 0040 
TOM ois oY Seed Ra ee Seen 0384 0321 0265 0216 0174 -0086 0067 0052 0039 0030 0623 
TST 6 6 .icen 2 A Re Raat ee des .0255 0207 O167 0133 At O4 0048 0036 0027 0020 0015 0011 
0+ i. ce hcuy es sae V oka See ee 0176 9334 6105 O08 t “4362 0026 LD 0014 .0010 0007 00S 
| ge Pro-ortion under given age 
Lococo saa a See 0142 0170-0201 0235 0272 0311 0352 0396 0449 0487 0534 0582 0631 
§ cceie stank oA} Re eae 0658 .O780 0913 1057 1210 ae (1539 7H 1887 2065 2245 2424 -2602 
Se Pewee ee .1361 -1523 1761 2014 PP +2552 -283} oSREL 3393 3672 3947 4215 4477 
ES od. . a SUEN yaie bee ee 1963 -2266 -2589 2926 27! 3621 397} 4318 ASB 4988 5306 5611 .5902 
BD ic. ove tus entice eee eee .2637 3009 -3396 -3792 4191 A588 4978 5356 5719 -6065 -6392 6698 6984 
BS... sins » cima Mla =p cooper ne 3325 3747 . 4177 4610 5038 -5457 5859 6242 6604 6940 -7252 7539 . F800 
BO icc «sds dn one ee ee 4021 4474 -4929 .5377 S814 e625) .6626 6995 7336 -1647 7930 8184 841) 
SS) swing oo Unpaie alae need A721 5188 5648 6094 6519 6919 7290 -7630 -7938 8215 8460 8677 8867 
Pe tre fer ss 5421 5884 -6332 6758 7158 7527 7862 8164 8432 8668 8874 -9052 9204 
eo a bid OW ewe Sete eae te a ies 6117 6559 .6979 7372 1733 8060 8352 - 8610 £235 9028 9194 9335 9453 
SO is. apbhadecth oan 5a ee .6806 974 -7588 1934 8247 « 8525 8769 8980 9160 9313 9441 9547 -9635 
SD sos ates eS vs whe ete eee RN -7476 -7829 -8152 8443 8700 8925 118 9282 -9420 9534 9628 9705 9766 
GD... Senet i enawtn Daeee ees 8ti4 -8493 8662 8891 -9090 9260 © -9404 9523 3622 9702 -9766 -9818 9859 
GS vas. desde ws heel peewee eee 8695 BIIF -9104 -9270 -9411 9530 -9628 9708 9772 9824 9865 9897 9921 
: Paramce .° /f stable populations 
Sieeths PRES i a's ks 3 ev. denity deme 0156 0188 222" 0260 0302 0346 0393 0443 0494 0547 0602 0658 71S 
Drenthe Fate 25. cess caer ecctvsew ee 0256 0238 0222 210 0202 0196 0193 0193 0194 0197 9202 -0208 0215 
GRR (27) fiw: sdeetnkess ae 1,13 1.29 1.48 1.69 1.92 2.19 2.50 2.84 3.23 3.66 4.16 4.71 5.33 
GRR (2S) ae ssivncaqauake aoe eee 1.43 1.30 1.50 1.73 2.00 2.30 2.64 3.03 3.47 3.98 4.55 $.20 5.94 
GRR G81) 0k nr scckte os Seen 4.12 1.31 1.53 1.78 - 2.07 2.41 2.79 3,24 3.75 4.34 5.01 5:78 6.68 
GRR OD) hs ss Nee eee 1.12 1.32 1560.5 383 2.15 2.53 297 347 4.07 4.76. 5.56 6.48 7.56 
Soin adane 37.6 35.2 32.9 OX 3966). 6c es 26.4 24.6 22.8 24.2 19.7 184 17.2 16.1 
Births/population 15-44 ............ 038 044 .0S1 059 * 068 078 090 103 118 135 -155 77 - 201 
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But in the latter case, the age sex distribution will not have constant 
growth rate. The resulting distribution ‘is called "quasi stable’. 

The quasi stable population resembles a 'stable' population with recent 
fertility, mortality and growth rate as parancters. 


_. . In developing countries, fertility can be assumed to have 
remained high and constant for the past several generations but that 
mortality must have improved. Thus their reported age sex distributions 
should be near a quasi stable population, excepting for distortions 

brought in by age-sex reporting errors and biases, i 


-._ Several methods have been developed based on stability or quasi 
Stability of population and because of the distortions in age-sex distri-~ 
bution, these methods use techniques which remove same of the biases by 
averaging or cumulation using several ages. : 


eae One such method is that due to Arriaga. In this method, age 
sex distribution is utilized to arrive at estimates of mortality and as a 
bye-product the birth rate also. Only it uses the reported. age sex. 
distribution in the first 7 or 9 age groups and the estimated rate.of . 
growth of population in a recent period. —— 


ae The method is based on the mathematical relation hetween age . 
distribution and birth and death rates. The stable age distribution has 
the equation as already indicated in section 7.5: Pag 


C (x) = be ™ 1x for Single year of ages and for five year age 
groups the equation becomes: | 
pe “T(x 4255) 
Ay 
C(x, x+4) =b e Le xt 
This equation can be rewritten as: 


-r(x+2.5 
Cox, x44) Jee Bas ) 


L 


(; 
ca 4 
or In C(x, x+4) = Inb - r(x+2.5) = A+Bx where, 


Lx, x +4 
AS deep - 2.5 7. and B = =r 


Thus the relation between In C(x, x+ 4) and x is linear with coefficients 
ee XE 


depending only on b and r. Hence if r is known, the method uses the fact 
that Be clove of the line is - r and finds the values of Lx, x+4 from 
appropriate life table such that the resulting line has ‘s’ope - r. 


Because of irregularity in age data through reporting errors etc, 
we use 7 or 9 C(x, x+4) values starting with age 9 ~ 4 and by method 
of least squares identify the life table which fits in with known growth 
rate. As a bye-product, we can estimate b from the value A (intercept of 


the fitted line). 
vif ane 
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The normal equations obtained by method of least squares are: 


c ¢ in CC, xt i = MAA+B. Sum of x 

um oO ex Te 

and Sum of x ln ee x+ 4) =A. Sum of x*+B. Sum of squares of x 
Yr) SOD we ot 


Solving the 2 equations we get A and B. The life table which produces a 
value of B near-- r is taken as applicable to the population. 

‘ It is advisable to perform the method for each sex separately. 
Nromally the level of mortality indicated for the sexes must be near 

each other. Wide fluctuations would indicate the problan of age reporting 
errors. If age reporting are affected in opposite ways for the sexes, 
then an average of the levels would be near the true value. Sometimes, 
depending on quality of age reporting, the data for one sex may indicate 
better estimates than the other. 


In the application of the above method, either the actual numbers 
in the various ages or the percentages can be used. Also instead of the 
actual age groups, we can transform them into simple values by: choosing 
an appropriate origin and scale. When an origin and scale is chosen, the 
values of r and b will have to be worked out in terms of A and 8 carefully. 
If an origin is chosen in the middle of the age range as in Table 19, 
then the sum of x will be zero and the normal equations will be simplified. 


Table 19 ARRIABE METHOD FOR ESTIMATING MORTALITY LEVEL, Tanzania 


(Using North model Tevel 11) 


M oa. tice: 

Pop.C(x,x 44) Life table 
Age, x § Lx,xX+4 (4) = (2) x 10000 (S5)=In(4) X (7)=(6)(5) 
Q) ) (2) (3) | : (6 
0-4 18.14 £05198 4477 ~.8036  -3 2.4108 
c= 9 16120 365955 4427 -.8149  -2 1.6298 
10-14 12.42 352283 3526 “1.9424 -1 1.0424 
15-19 9.80 342668 ~ 2860 -—1.2518 0 0 
20-24 6.83 330622 . 2066 -1.5770 1. -1.5770 
25-29 7.11 316618 eG -1.4934. 2 -2.9868 
30+34 5 3p at 302421 .1762 | -1.7361 © 3 =5.2083 
Sun | -8 .7192 -4 6891 


CORRENTE oe 


The growth r = Sum of Colum (7)’ = -4.6891 = .0335 
5 x 28 , 140 
Note that 5 is the scale used and 28 is the sum of squares of X values 


~ /lg 
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If we carry out similar calculation for females the value of r comes 
out as .0295. 


It can be noted that level 11 of North model used in the 


‘above exercise produces a*lightly ! nigher growth rate for males and 


a slightly lower prowth rate for females. The higher age exaggera- 
tion for males than females has resulted in the higher value or r. 
Actually a level slightly higher than 11 has been estimated as appli- 
cable to the data for the period 1967-78. 

Te obtain the birth rate, we calculate 

V = Sum of col (5) + 17.5 ener) and then take anti In 

Sa arc ea = 

For males the values come out as 


V = - 1.2456 +.5862 = -.6594 for males 


. Taking anti 1n, we get the male birth rate as 51.7. Similarly, the 


female birth rate is 48.2 with 3n averagé near 50. With an estimated 
growth rate of about 3% this implies a death rate of 23 which also 


fits in with a level of slightly more heat 11 as obtained above. 


Note that in’the equation for V, the value 7 and 17.5 
are respectively the number of age grouns used and the mid point 
of the transformed origin class. 


8.2 - ESTIMATING MORTALITY FROM CHILD SURVIVAL - BRASS METHOD 
The proportions of dead children are tabulated by women 


grouped in five years age categories before they are converted into 
probabilities of dying between birth (age 9) and various child- 


hood ages using the method illustrat ed in Table <I , 


Table 20 shows the number of women with the total, 
average and proportion of children surviving. The proportions are 
obtained by dividing the number surviving by de number ever. born 
alive as ,iven in Table 21 et 


Table 20 NUMBER OF wae BY FIVE YEARS OF AGES BY NUMBER, AVERAGE 
ed Po Lan aiteet 


a Sa rural /umben, 1978 37 75 
ea 742298 607677 522069 436116 391071 311718 281506 
No. of « . Rural 
women. . urben 135641 134842 115480 68682 55567 36988 30445 
i ‘Total  ° 877939 742519. 703549 504798 446638. 348706 311951 
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Table (ctden 


No. of Rural 257441 1016283 1707858 1685591 1691829 1341487 1127348 
children Urban 48520 212541 329972 260036 224540 142851 112466 
survi- Total 305961 1228824 2937830 1945627 1916369 1484338 1239814 


ving 4 
Avera- Rural 47 ..1.672 2.904  Voeges 4.526 4.3505 4.005 
ge 


No. of Urban came +4576 2.857 ~3,786- 4.041 3.862 3.694 
children Total saee- 1.655 2.896 5,694 4.291 4.257 3,974 
survi-~ 

ving 


Propor- Rural .8156 .8070 .7860 .7634 #.7431 ##.7172 &# .6840 
tion of Urban 7ags70.....8551 .8399° 4 284G-..7914 -.7647 eee 
children Total 48213. .8150  .7942° 527704+.'.7485° :7216>) speee 
surviving 


Brass (1964, 1975) develoned a set of multinliers for 
converting the proportion of dead children into pstimates of the 
probability of dying and are given in ‘the next page. 


The estimation procedure assumes that:- 


1. Age-specific fertility and mortality rates have remained 
constant over the required age range and time period; 


2. The exnerience of the surviving women represents the 
total number of women exposed to the risk of births and 
deaths of children. 


If we denote the preportion of children dead ameng those ever- 
born alive by women in successive five-year int ervals as D-., (where 
i ranges from 1 to 7 and represents age grouns 15-19, 20-24 C42 
and (9-49 respectively), Brass multipliers (K-.,) convert D-.. into 
estimates of a (the probability of dying bobheen birth aha) exact 
age x) as Fo11AMe: - 


Tate ee ae Be ea te ae : 
ate, hae *(i) Da) (x) 3 | (1) 
The approximate equality of (1) and Deqy? 22) and 
ar) ee oe oe a a egg) and Dez) is affected by variations 


in the age pattern of fertility among different populations more 
Strongly than the variations in the age pattern of mortality. Thus 
the Brass miltipliers ( '°*,; ) differ for different fertility 
patterns. In a population with an earlier start of childbearing the 
children ever-born to women aged 20-24, for example, are older than 

in a population where the onset >f childbearing is late. To accom- 
date this variation in fertility patterns, Brass provided four indices 
for determining whether a nomilsti on has early or late childbearing, 


and these are the ones used to select the miltivliers. Even though 


ae 


Wiese taicsnnas sscccmaa a Ces eae ee 


TABLE 


~ le 


ee Re EE Re Kee Ee Se me et ome ene 


Exact limits 


of 


age interval 


cece ec AED AME: eaten ST OE tee A ETD elle IO OE LL AOS CE OG AR ED 


~ ~ Es el @ 4. AAC AG 4 QR % 2@ne CLA 9 Qos 
Ge 2.555 21e09 So7eh 2.800 BLepeieess Sioce Bdes 
25-30 2.925 2.960 2.985 3.010: 3.635 3,055 3.075 3.095 
30-35 3.055 3.075 3.095 3.120 3.140 3.165 3.190 3.215 
35-40 Be 195: De lGeet>. 3.245. 3, 285eee 25>: 5.375 3,430 
Om 45 Dela. te Shoe wees 3.510 5,690 32/40 3.915 4.450 
45-50 3.640 3.895 4.150 4.395 4.630 4,840 4.985 5.000 
£1/f2 POSE Pig et se Fae 5018) HOBta O05 2764. . 939 
n(years} S137 SO eee 28.7 O77 25.7. oh 

table, Multiplying Factors to Estimate the Proportion of Children » 

3 Born Alive but Dying at age X, q(x), by 5 yeer Age Group of 

mother. 
a(1) 0.859 0.890 0.928 0.977 1.041 1.129 1.254 1.425 { 

20-25 a(2) 0.938 0.959 0.983 1.010 1.043 1.082 1.129 1.188 
25-30 a(3) 0.948 0.962 0.978 0.994 1.012 1.033 1.055 1.081 
30-35 a(5) 0.961 0.975 0.988 1.002 1.016 1.031 1.046 1.063 
35-40 a(10) 0.966 0.982 0.996 1.011 1.026 1.040 1.054 1.069 
40-45 q(15) 0.938 0.955 0.971 0.988 1.004 1.021 1.037 1.052 
45-50 a(20) 0.937 0.953 0.969 0.986 1.003 1.021 1.039 1.057 
50-55 a(25) 0.949 0.966 0.983 1.001 1.019 1.036 1.054 1.072 
55-60 a(30) 0.951 0.968 0.985 1.002 1.020 1.039 1.058 1.076 
60-65 q(35) 0.949 0.965 0.982 0.999 1,016 1.034 1.052 1.070 
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0.287 
0.516 


24.7 
24.2 


0.330 09.268 0.205 


0.5497 


25.7 


25.2 


0.535 
26.7. 
26.2 
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technically the method produces survival probabilitics upto age 

59, because of (i) age renorting. errors (ii) cnissim of children 
and (111i) changing patterns and levels of fertility and mortality 
over such a long period of time, it is advisable to accept only 
values of q, upto age 5. The value of q, is also affected by small 
sample fluctuations, reporting errors and heterogeneity of the group. 


The indices used for selecting the multipliers are:- 


(1) The ratio of the average number of children éver-born by 
women aged 15-19 (P,) tc the average number of children 
ever-born to women seed 20-24 (?,) or PL/P 4; i 


(2) The ratio of the average number of children ever-born 
by women aged 29-24 (P,) to the average number of child- 
ren ever-born by women”aged 25-29 (P2) or Po/P a; . 


(3) The mean age of the fertility schedule, (m); ,and 
(4) The median age of the fertility ‘schedule, (m=). 


The first index (°_/P,) is a measure of when fertility starts 
and how fast it rises with laoé and is therefore used'to select the 
multipliers for converting D into D into and D 

| a, 2) 9(2) (3) 


into a ): Where P [Px is used as an index it may be used for selec- 
ting the multinlier$ fsr the whole range of D;.,. P,/P, 1s sid to 
be a.more satisfactory index than P,/P becau$d) P if sénsitive to 
age reporting errors at the onset o: childbearing and to sampling 
fluctuations due to small numbers of births . The inclusion of P. in 
P,/P.. makes the index quite satisfactory for selecting multiplier’ 
for Alder age groups of women, too. Another index .for selecting 
multipliers for older age groups of women is m or m! if m cannot be 
calculated. 


Table 21 illustrates the application of the Brass method derive 
mortality level in Tanzania. 


Table 21 BRASS METHOD FOR ESTIMATING CHILD MORTALITY, Tanzania 1978 


Age of Proportion of Multiplier Probability Ase of Mortality 


women children dead or.dy ing, Chad Level 
2. 9° a (3)e(1)x(2) ~~~ North Model) 
15-19 os 908 1623 4: 9.5 
20-24 .1850 GFL F960 L a | 
25-29 sZuoS... 979 .1996 3 + a es 
30-34 2296 © 1.916 Laan. 5 hs ge 
35=39 PAD ey 1.026 2580 10 11.6 
40-44 AY AB tp ih O08 2795 is Lie 
45-49 Oe 1.003 3132 20 11.0 


P./P» = .199 P,/Pz=.557 ; m- 28,7 


Note: The first three multipliers are obtained from Table on page 120a 
the index P,/Pz - .557 and the last from using nm. 


.../12* 
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8.9 SULLIVAN AND TRUSSEL MEBVHODS 
DOLL LL ALD LLL LL 
Sullivan (1°72) examined the Brass method using regression 


analysis. He used observed fertility schecivea ae rather than a model 
which Brass used, together with model life tables fram"the Coale~ 
Demeny system. Althcugh he cencluded that estimates obtained by 

using the Brass method are satisfactory, the regression cquations he 
develcped provided a simpler precedure of estimation. Further, his 
method is more flexible than the Brass method in that it provides 
equations for four different patterns of mortality which are included 
in the Coale-Demeny Model Life Table system. The regression equations 
are of the forn 


Page’ 122 a vives the standard repression coefficients k(i). 


Trussell (1975) worked out a third set of multipliers using 


regression equations, tno. His precedure is different from that of 


Sullivan in that he used data senerated from model fertility schedules 
(instead of observed schedules which Sullivan used). The methods are 
based on the same theory, but they yield somewhat different multi- 
pliers because their data bases are different. 


3 The multipliers k required tc adjust the proportions dead 
for: the effect of the ace pattern of childbearing are calculated 
from ae: and Po/Ps torether with standard repression coefficients 
as fol ; 


Keay hey +B egy OPQ) 4 C4) M2/P 3) 
The rerression coefficients we ? Bray and ¢ (4) are taken 


from the appropriate family of model life tables (North, South, East 
and West) selected as a suitable reflection of the ase pattern of . 
mortality in the observed population. ie are ee in ‘page 122 bd. 
The methods are illustrated on tables res ec tively 


Table 25 SULLIVAN METHOD FOR ESTIMATING cf TOL" ‘ALT Tanzania 1978 
Age of apse: of Multiplier Probability tAee:of Mortality 
women - dead children, Kea Of dying child x level 

D, | Cs from North 


i Mode 1 


20-24 1850 «949 <i ooh 2 Sivo 


25-29 . 2058 .892 1835 3 1Zs5 


30-34 2296 .916 .2103 Te 12.2 


Note: The multipliers are sbtained from the table of Sullivan coeffi- 


a: For P /P. = = .55%. For examrie, at ace 25-2° the mlti- 
1er is: - ; 


1.17 = .5(.557) = .892 
ees/l23 


Wen Sees sr ee le ee ‘‘.. 


CA onl 
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Table / 
Regression coefficients to be used in estimating 04 ae 
factors k(i) for the Sullivan variant when the data are oak 


‘classified by age of mother. 


d j ing adjustment 
Regression coefficients to be used in estimating 4d jus 


factors k(i) for the Trussell variant when the data are classified 


. PY age of, mother. 
ae me 
MODEL AGE GROUP ee fy Be 

| a(1)/ v4) 1.1119 
a(2)/ D(2)} 1.2390 
1a(3)/ D(3)] 1. 1684 
4 a(5)/ D&4){ 1.2046 
a(10)/o(5)} 1.2586 
a(15)/D(6) | 1.2240 
a(20)/0(7) 1,17 %e 


a(1)/ p(t) 
a(2)/ v(2) 
a(3)/ v(3) 
a(5)/ D(4) 
a(40)/0(5) 
hte. 


a(1)/ >(1) 

a(2)/ D(2) 
a(3)/ 0(3) 
a(5)/ D(4) 
a(10)/0(5) 


qa(1)/ D(1) 
a(2)/ d¢ ) 
a(3)/ D(3) 
a(5)/ D(4) 
a(10)/p(5) 
9(15)/0(6)} 1.1746 


a1. 20)/D 1.1639 
The Trussell method has been modified to 
for age groups 35-39, 40-44 and 45-49, 


1.1415 
1.2563 | 
1.1851 
1.1720 
1.1865 


NTE WN wo |= Tn oT Se Ww +s PI nn wm PNP = 


sae (7) 
*B(i) c(i) 


eam /.8507 
0.6865 |- .2745 
(0.0421 | - .5156 
0.3037 | ~ .5656 
0.4236 | - .5898 
0.4222 }- .5456 
0.3486 |- .4624 


|} 9.2634 


050581: 


tal 


rae 


©6893 
. 3024 
“4704, 
4487: 
4291 
3958 
«3538 | 
» 6259 
22245 
03479 
3487 


oo) é 0005 
0.6181. 
0.0854 


023152 


#2,2536 | 
“0.4361 


0.1991. 


0.2511 j - 23505 

~ (3428 

~ .3268 

-2.7070 » 1663 

- 2.5381 | - .2637 

00633 | - 4177 

22341 | - .4272 

0.3080 | - .4452 

0.3314 | - 4537 
0.3190 | - .443 


yield regression coefficients 


AS 
Table 23 TRUSS“, METHOD FOR ESTIMATING CHILD MORTALITY, Tanzania 1978 
TRUSS *, METHOD FOR ESTIMATING CHILD MORTALITY, Tanzania 1978 


Age of Propertion of Multiplier Probability Ase of Mortality 


women dead children, Kea) of dyine a, child,x level 

D, from North 
Saee (1) (2) (3)=(1)x(2) = = Model 
20-24 1850 949 oe 1756 2 ie 
es SS ero k. SS eeeenemee 
sou .2058 See GO] onal Roe 11.59 
30-34 22296 .950 2lel ae 5 a, 


P,/P. #,199 , P,/?, =. 57 | 
Note: The miltipliers are obtained from the table of Trussel coeffi- 
cients for P,/P, = .199 and Po/Pz = 4557. 


_ For example, at ace 25-29, the multiplier is: 
1.1884 + -0421(.199) = 156.557) = -910; 


These methods of estimation assume that fertility and mort- 
ality have been constant in the past. Therefore some biases can 
occur if fertility and mortality have been chansing in the past. 
These biases are, however, very minor comnared to errors created by 
misreportine. One other factor that may affect. the results is the 
assumption that the risk of a child dying is a function only of the 
age of the child and not other factors such as mother's age and birth 
order of the child. Again biases caused by this factor are consider- 
ed to be generally mincr. 


It can be noticed that the levels indicated by q., dz and q 
from all of the methods fluctuate. This is due to age erfors- reporting 
biases with regard to child survival. To obtain a smoothed value, 

we can take an averase of these levels. For example, for the Sullivan 
method the average level = (11.3 + 12.1 + 12.2)/3 = 11.9. Another- 
method proposed by Brass is the logit smoothing of 1, values using an 
appropriate standard. We have illustrated the smoothing of 1 values 
based on all the 3 methods in Table 24. The standard used iS 
Coale=Demeny North model. It can be seen that the levels indicated 

by. the smoothed values are same for each method but differ from one 
method to another. Probably an average of the 3 smoothed values 
i.e. (11.2 +11.7 +11.7)/3 = 11.5 is near the true level of mortality 
in the country in the period between the two censuses, i.e. :around 1973. 


Table 24 LOGIT 


~ 


SMOOTHING OF BRASS, SULLIVAN ANE TRUSSEL ESTIMATES 
INZANTA ING NORTH 12 AS STANDAR 


Di AE 


a 


L 


_ Brass 
x 1x f Difference Adjusted Adjusted Level 
; x 5A sen , ¥S Y 1 from 
2 35 “ north 
model 
e704, =-.7595. -.8161 0566 ~.7649 .8220 tive 


2 

3 8001 -.6944 -.7389 0445 - 6877 ,7982 11.2 

5 "9667 -.5949  -.6471 0525 yee 11.2 

EE a OT a a a 
»/t24 

* 
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Table (ctd..) 


Sullivan 


2 8244 -.7732 - 816] 01°29 -~.7946 .28305 11,7 

3 .8165 ~.7464 - .7389 0075 ~.7174 .8076 11 7 

5 . 7897 - 6616. .-.6474 0142 ~ 0259 “9110 1 BP 
Trusse! 

2 8244 -.7732 ~.8161 — .0429 por i I 8 li 7 

3 .8127 ~,73a56 - ,7389 .0051 - .7199 8084 14 ok 

ie 7819 - 6384 - 6474 0090... = Zee 7 78S pie Bee: 


Note: Y. values are logits of 1, values from North model level 12. 


3s ANALYSIS OF FERTILITY DATA 
Introduction 


Even though the situation resardine fertility information may 
be similar to that of mortality, surveys have been successful in 
obtaining levels and sometives patterns of fertility. Direct informa- 
tion through registration system is still inadequate and hence we have 
to base our estimates on indirect measures. om 


Two such techniques based on ase structure and report of 
current and retrospective fertility will. be used. 


9.1 AGE STRUCTURE - COALE-DEMENY METHOD 


As noted earlier, when fertility and mortality could be 
assumed tc have remained constant for a very long time, the age dis-~ 
tribution of a population tends to stability. This is approximately 
true also when fertility is more or less constant but mortality may 
be falling but slowly. eer 


Thus an ave distribution can be compare d with stable model 
age cistributions to estimate the inherent parameters. Since age- 
Sex reporting errors may have vitiated. a reported ace distribution, 
it has been suggested by Coale and Demeny that it is better to compare 
cumulated ase distributions rather than the actual reported. For 
_.,yemoving some of the biases brouchtin by age reportinge errors, it is 
..recommended to:use the first 7 or 9 ace sroups for comparison. Corres- 
ponding to the observed cumulative values (percentaces) the method 
_ consists of matching with model stable populations with the civen 
- growth rate, r and GRR. These would result in a series nf 7 or 9 
mortality levels ‘corresnonding to’: r-and GRR. The- averdke of the 
medians based en r and GRR is taken as the estimated level of mort- 
ality of the population. From the stable population, the other para- 
meters like birth rate could easily be read aff, 


Ta sale MB, t ey 


= a ES TOR) Aas 2 


Bs We method also can be based on an estimated level of 
mortality (as depicted by 1, or by smoothed 1. v 

picted by ) moothed alues by Brass o 
other methods). a oe mt. 
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ae Thus the method prsduces estimates of fertility and mortality 
or given Yr or GRR or produces. estimates of fertility and zrowth rate 
for given mrtality ievcl. ‘ 


The’ method is illustrated in Table 25 usine the estimated 
growth rate of 3.1% and GRP of 3.5 besing the commarison on North 
model stable ponulaticns. | 


Table 25COALE-DEMENY METHOD PI? ESTIMATING VITAL PARAMETERS FROM 
Bias ‘ z mx 


A, lanzania 1978 

Ave Cumulated % Level from Marth model Lével from 

upto with r= 3.1% North model 
with 

| pee 6 aaa -GRR.= 3.5 

1A Ep MI F MS z 


5 bee 18.16 gam Fy’. 14.9 ~b Se 6.5 

10 34.34 33.98 13.1 12.6 100 3*-710..8 
15 46.76 A557 is 14.1 SB 9.3 
26 56.56 55.41 14.8 15.1 55-3 8.4 
25 63.39 §3.73 IS.so Bord. 8 5.4 7.8 
5) 70.50 EOL 1837 1 a Ree eR 5 
eS 75 83 TTaLy 20 fee SS pet 739 
40 ~ 80.95 82.27 20 eee 15.6 2.0. 3.9 
> ae 84 .69 86.18 LL iO ewan 10.4 48s aes | 
Median ievel ss a5 21 4.7 7 8 


The median levels 2re too high based on r and too low based 


on GRR, An average of these two (level 115) eeems near the true 


Corresponding to level 11.5 and r = 
rates from stable models are: 51.0 and 20.0. - 
and death rates come out as: 59.4 anc 19.9. 


3.1% the birth and death 
Usine GRR = 3.5 the birth 


9.2 REVERSE SURVIVAL RATIO. METHOD 


The idea of this method is based on the premise that the 


‘ reported population are the survivers of births of past nericds. 


Hence if we survive 2 mulaticn for the 5 years previous to a census 
by usine appropriate life tables, then the children aged 0-4 at. 
census time would result in births of the 0-4 year period previous to 
census. Similarly. if we survive these again fcr 1 further 5 years, 
those azed 5-9 years at census time would result in births of the 
period 5-9 years before census. These births anc ropulations could 
then be utilized to estimate birth, ceath and erowth rates for the 


decade previous to census. 
.. ./126 
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Table 26 shows the results of the calculation done for the 
enumerated female nonulation of 1978 .n Tanzania. It can be noticed 
thet for carrvine cut the procedure we need life tables for the two 
périods. In the absence of an available life tahle, we have usec 
North model life tables with levels 12 for 1973-78 and 11 for 1968-75, 
i.e. level 11.5 during 1963-78. A slightly higher or lower level 
will have only marvinal effect on the results. We also have used 
oly the vercentare ate distribution instead o* the actual 1 numbers. 
For our mirnose the choice is immaterial but the smaller values of 
percentaces makes calculations easy. 3 


Table 96 REVERSE SURVIVAL RATIO } oie? - FEMALE POPULATION , 


‘Pepulsat- . Survival . Poouletion Survival Population % Ace 

tion ratio 1973. (3) ratio 1978 ¢<) 

19683) 1968-73; 1973-78) 

20 .69 21.39 : Birth 

13;20 833. eet CR “G-4 > 

10-,47 .908 11.99 018° See 5-9 

8.79 965 10.08 967. eeeaee | 10-14 

8.38 973 8.55 .976 eee * 15-19 8 

6 08 .970 3.13 973. BeB2*«~*«<C«éO =D 
SQ 966 5.87 969° 7 eee 25-29 

3 89 954 ee aetO .959 5.00 35-39 

3.00 39 3.69 953 3.91 AQ-44 

Be 28 94 ee ee 

5.3 882. oases E.. 890 Tages... 6-04 
ae ci cas. (830 65-69 

Note: (a). T rhe “survival ratios tor 1968- 73 and ‘19735 7% are ieee 


from North model level 11 and 12. 


(b) Column (3) is obtainec by dividing column (5) by column (4) 
(c) Colum (1) is obtained by tiviting column (3) hy column (2) 
(Cc) The sums in the last row exclude the births. 
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y ee birth rates for 1973-78 and 1968-73 are obtained by dividing 
e irths by the average population and dividing by 5 (the no. of years) 
e.g. the birth rate during 1973-78 is: aoe 


BR, = 2(21. 39) = .0456 or 45.6 per 1090 
~5(87. 494 99,08) 


Similarly birth rate during 1968-73 is: 


BAR, eee 2(20.69) = .0507 or 59.7 per 1000 
; TEER + 87,49) 


The growth rates can be obtained by the exponential growth 
formula, e.g. growth rate between 1973-78 is: | Ria. 


rT) = 1 In 99.98 = .9267 
fo. 37,49. 
and growth rate between 1968-73 is: 
¢ tT, = 1 In 87.49 = .0287 
eo? .75.79 | 
The death rates are the difference between birth end growth rates, 


qd = .9456-.0267 
and d 


E 
il 


-9189 or 18.9 per 1000 


-0507-.0287 = .0220 or 22.0 ver 1000 


nN 
+t) 


The exaggeration of ages can be noted from the huge expected popu- 
lations at old ages. This exageeration has resulted in larger population 
figures in the past and consequently has reduced the growth rate. If 
age reporting had been bett>r, then the birth rates would be higher and 


growth rates also higher but death rates iower. 


9.3 BRASS P/F RATIO METHOD 


In Tanzania, from past censuses and surveys, two tynes of fert- 
ility data were collected. The two types of data both recorded by age 
of mother are births which occured during the year or date of most 
recent birth (i.e. current veriod) and the number of children ever born 
to each woman (i.e. life-time). 


The information on current births is obtained by questioning the 
women about whether they have borne children during the twelve months 
before the census. Age specific fertility rates can be obtained by 
dividing the number of births to mothers by the corresponding total 
women in the population for each age group. Measures based on such 
specific rates will be referred to as ‘current! and the in dices of 
fertility obtained from the mean number of children ever bor n to women 
of each age will be called ‘'retrospective”’. 


The two types of measure can be used to detect and allow for errors 
in the data because of the logical relationshin between them, 
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As a cohort of women moves through life, the mean number of children 
ever born at each exact are .s equal to the cumulative total of age- 
specific fertility rates to that age, if we assume that the women 
dying have the same fertility as those survivin-. In cther words, 
the availability of information about both retrospective fertility 
and current fertility can, therefore, be seen to make possible a 
powerful consistency check, whereby current fertility rates can be 
accumulated and compared with the average children ever born. This 
commarison of retrospective with current fertility data can also 
provide a method of adjustment for cases where the data are distorted 
by typical errors. It has already been said that information on 
children ever born is frequently distcrted by omission, but that 
such omission, perhans cf children who died long ae or of those who 
have left the narental home, is most marked for older women; the 
reports of youncer women up to say, age 30 or 35 may be fairly 
reliable. 


Information on current fertility from a question on births 
in the year before the census may be distorted by 2 misperception 
o£ the duration of the reference period so that reported births 
correspond to an ill defined pericd whose averase length may be 
longer or shorter than one year. These errors in‘the information on 
current fertility may be assumed to be roughly constant by age, 
particularly in the case of the reference period error, and the age 
pattern of fertility rates is accepted though their level is dis- 
torted. This implies that we actually have two tynes of information: 
one on the level of fertility - from reports of children ever born 
of younger women ~ that may be anproximately correct, and information 
on the age pattern of fertility - from reports of women about current 
fertility - that may be relatively free of distortion. Cumulated 
current fertility may be commared with reported retrospective fert- 
ility for women up to ace 30 or 35 in order to obtain an adjustment 
factor for the level of the current fertility rates, which, once 
adjusted for the level, provide a best estimate of actual current 
fertility. 


The essence of the Brass fertility estimation procedure 
is, therefore, the adjustment of the level of fertility using the 
information on age nattern of fertility derived from information on 
recent births and the level of fertility indicated by the average 
number of children ever born by women in the age eroups 20 to 24, 
25 to 29 and perhaps 30 tc 34. 


Data required for the Brass P/F Ratio Method are as follows: 


(1) the number of children ever born by ace of mother; 
(2) the number of children born curing the year preceding the 


census and classified by ace of mother; (3) the total number of women 


in each age group; and (4) the total population if the birth rate is 
to be estimated. 


, The method is illustrated in Table 27 for Tanzania, 1978, 
using data from Table 16. 
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Table @7 BRASS P/F RATIO METHOD, Tanzania 1978 


Age of Age specific G. Multiplier F. Average P/F 
women,x fertility (3 (4) (sy Parity,P: (7) 
(1) rate,£ (6) ace 
(2) 

15-19 135 Bs a aa 303 424 1.40 
20-24 - 309 2675; 2.881 eeeccoe = 2.031 1.30 
| 25-29 eOTa 2.220. 3,05 03.689 47 
30-34 246 5-705 - 3,h@smueaies — 5.003 1.12 
35-39 .180 i035. - «3 -2Ab eee soe 5,733 1.04 
, 40-44 038 5.835 3 3:50 eeespdd 5,899 96 
| AS-a9 037 6.275. 4,305 ewe. 5,779 90 


Note: (2) Column (3) i.e. G. values are obtained from column (2) by 
first multiplyinc the i values hy 5 and successively cumulating, 
CSIP ee Sate 
oe fs = 5(.135)+.5(.309) 4-38 297) 


(b) The multinliers in column (4) are obtained from tableon page 
120 a using £,/£, for the first three and m for the last four values 


(c) Column (5) i.e. F. values are obtained by multiplying 
values in colum (2) b? values in columm (4) and addins the 
value. in column (3), e.*., | 

4.472 = .246(3.120)+ 3.705 


(4) Colum (7) is the ratiocf columns (6) and (5) 


To adjust the level of fertility usually the factor P,/F, 
is used but when age errors are predominant as in Tanzania, it 
seems’ advisable to use an.averaze of P/F values for several. aces. 
Even this method does not seem to be satisfactory because if we use 
ages 20-39 the correction factor comes out as 1.16 i.e, the reported 
‘current fertility should be increased by 16% resulting in a Traoge 
7.5 and CBR of 53.2. Apparently this looks too hich and perhaps the 
method has not produced reascnable results. eas 

| Two formulas based on parity values used to estimate TER 

due to Coale-Demeny and Brass respectively seem to work better. The 
Coale-Demeny formula is: 

THR = PA/P, = (3.647)" = 6.5 

' VARIED 

and the Brass formula is: ; 

TER = P(P,/Ps) = 2.031(5 .003/3.647) = 7.2 
The actual value of TER may be between these 2 values. A round figure 
of 7 is recommended corresponding to a CBR of 50. 
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10 POPULATION DISTRIBUTION, MIGRATION AND URBANIZATION 

y ST 
10.1 POPULATION DISTRIBUTION 


Introduction 


The population of a country is both a productive. resource and 
the resource user. It demands essential services such as education, 
health, food, clean water supply, transport, housing, law and order, 
and particination in the nation's affairs. Because of these needs, 
it is neceesary for a sovernment to know how many neople there are 
and where they are spatially located. The way people are disversed or 
concentrated in the national. snace affects decisions on the kinds of 
development programmes and where tc locate then. 


~ Only seme of the most common concepts, methods..and techniques 
used in the analysis of the distribution and density, of renulation 
will be highlited. These concerts include relative distribution of 
population, measures of population dispersion and concentration, 
and: average density of population. 


Population Distribution 


Population distribution refers to the way people are spread 
within the area available to them for exploitation and. settlement. 
To analyse distribution, one needs data on gee absolute numbers of 
people .and a well defined territory. ) 

Several methods af showing ee: cistribution have 
been developed. The most visually effective technique of showing how 
a population is snread over its national area is by means of a dot 
map-on which dots are used to represent a given number of people. 
The 1967 ponulation distributicn of Tanzania was shown on a dot map 
in, the’ Atlas of Tanzania (1976, n.16). 


The total population cf Tanzania in 1978 was: 17 $12,610 

_ persons occupyins an area of 885 ,S87: ‘Square aie ‘Out.of these 
totals, Zanzibar and Pemba had 476,711 rersons on 2,644 square kilo- 
metres. Comparable fisures for 1967 were: 12,313,: 196 veople fer the 
whole of Tanzania and 354 5215 persons for the Tslands « 


oO aspects of the distribueton of popula tion in Tanzania 
are impertant. First, the distribution between rural and urban 
areas shows that ‘in 1978 there were 2,412,909 neonle or 13.8’ percent 
of the total population livinc in towns. - ‘Out of this urban Dopula- 
tion, 2,257,121 were on the mainland and 154,979 in Zanzibar and Pemba 
representing 13.3 percent and 29.4 percent of their rorpulations 
respectively. In 1967, 6 percent of the total ropulation Tived in 
towns with Mainland Tanzania havinc only 5.4 percent and in the 
Islands the figure'was 27:4. These figures show a very ranid rate 
of urbanization especially oy Ma inland Tanzania. 
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The second asnect of the distribution of populatic mn in 

Tanzania is the uneven distribution in the rural area The bees 
pattern is that cf heavy ccncentrations o¢ asic, in the hich- 
land and ceastal areas contrastinz with very snarse distribution in 
the central and »lateau arenas. ‘This nattern has nersistec over the 
past 50 years with slow shifts to the low-density areas, The 
reasons for the persistence of this basic uneven nattern are mainly 
environmental and inclute the total srnual rainfall and its relisabi- 
lity an’ variability: the nrcsence of the tsetse fly cver vast areas 
of the country; predominance of infertile and leached scils: and 
the Icw level of technolory. ; 


The unevenness of the distribution of norulation is hich- 
lighted when the cistribution is analyzer at recional and district 
level. In table 12, resions have been arranced in order of density 
from hichest te lowest and the crmulative rercentase contributicns 
to the total population and area of Tanzania have been computed. 
it wili be noted that at regional level, 64 nercent of the total noru- 
lation cccunied 36 nercent of the total area. This aspect of morula 
tion ccncentraticn becomes more obvious as the unit of analysis: 
becomes smaller: For examrle, at the district level, 65 nercent. of 
the porulation occupied 28 nercent of the area, ami at the ward level 
65 percent of the nonulation occunied 20.6 nercent of the total area. 
Compare? to the 1967 analysis, there has been 2 slisht tendency towards 
less concentration or there has been mere snreadins cut of the rerula- 
tion in Tanzania as the ccommarable fisures at district level ‘were | 
63 percent of the rorulaticn oceumy in = 25 percent of the area and 
65 percent occunying 18.8 wercent of the area at Incal (ward) level. 


The degree of concentration of a nopulation denictec visually 
on Lorenz curves can be seen fer cata om Table 12 shown in Fic. 10. 
At the resional level the incex of concentration wes .39 wiich is not 
very hich 


The relative distribution of monulaticn or the snitial nat- 
terns of distribution can be noted from the index of distribution of 
ponulation obtainec aS Civicing the ropulation density of the district 
(or any other sub-national unit) ? by the national averace density. 

This index shows the Be hntion of nom ulation of each district 


relative to its area. When the index is 1.0 the rrerortion of the 


“5 gen nomulation living in that cistrict is cqual tc the proportion 

f the total area accumied by that district. Values above or. below 
1.0 indicate resvectively that the prcnortion of the ncvulation exceeds 
or falls short of the pronortion of the total area. 


Density of Population 
The cencent of pepulation density, relatinz numbers of peonle 
tc the snace occunied by them, is « useful one In making commari- 
sons between areas and over ciffcrent time seriods. Cruce or cverase 


~* 


3 


density usually refers to the number of neople rer acministrative unii, 
& J - é sa: a ; 
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and the smrller the unit, the more meanincful the averare fi ure 
obtained. Sometimes, it may be necessary te calculate the censity tor 

the inhabited areas cnly and sometimes the density of the arricu- 

ltural roculaticn cnly. The azricultural density of nopulaticn pro- — 
vides mre interesting comariscns cver small areas and between countries. 


The density of repulaticn fr r Tanzania in 1978 was 19.3 
persons cer square kilemetre and 193.5 for Zanzibar and Pemba. The 
density for the Mainlond alone was 1h.7 nersons per sauare kilometre. 
Comparable figures in 1967 were 13.5 anc 137.2 per souare kilometre 
for the Mainland and the Islands resnectively. There are sreat 
variations in the density of rural Pra in Tanzania as can be 
seen from Fis.9 in the zones cf nopulaticn concentration, rural 
densities per district vary from 309 persons rer square kilometre in 
Chakechake and 233 per square kilcmetre in ‘foshi rural, te 135 in 
Musoma, %6 in Runewe and 46 in Shinyanea districts. 


Parts cf central Tanzania anc parts cf the Southern Yigh- 
lands hac moierate densities rancin> from 30 per square kilometre in 
Masasi and 26 in Decoma, to 23 in Mbinga and 17 Pee square kilometre in 
Sumbewan7.. More than half of the national area (56 nercent) had very 
low densities of less than 15 nerscns per souare 1s etre an 
included the miombo woedlands and bushlands of the central piateau, 
south-eastern Tanzania and Mesaijanit. Most of these areas do nct only 
suffer from unreliable rainfall an’ leached scils but are alsc tsetse 
infested and contain most of the national varks ans: game reserves. 


One of the reasons for the uneven population distributio n is 
-Mitration. It is also nos sible that areas difficult for human habit- 
ation may have low er natural erowth. We shall now consider estimation 
of micration. . | 


MeurAT ION 


Basic definitions: 


Micration iS one of the basic Jenocrenhic varinblies.  Howe- 
ver because of its complexity it is nct easy to define. A senerally 
accented definition is that, misration is. the nevenent of nopulation 
involving the chanve of nlace of ahoce or nlace of usual residence and 
the cressing of a defined boundary. “irraticn is an event that occurs 
in time and hence the temmoral asnect is also immortant as is the snatial. 
When such movements occur within 2 ccuntry they are referred to as ; 
internal wicration. while if they involve erossing national boundaries 
they are rotorred to as internaticnal Micration. Emicration and immi- 
eration refer to migration away from and into a country willie sut-mis- 
Tation and in-ricration refer to internal micration fros or to 4a eiven 
aréa within 2 country. All moves cr misrations with 1 commen area of 
Origin and destination are referred to 26 micration streams. 


Measurement of micration 
Senne 


Micraticn can be measured cither directly or indirectly. 
Direct measurement requires 2 System of rocordine movements as they 
occur. The most comlete nitration Statistics are develoned fren 
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population registers in which 211 chances of residence are recorded. 
However for most countries, cenus data have been the major source of 
information on internal micration. For international micration, 
Statistics collected at.border posts is a source but in countries with 


larse borders and with several border countries, this may not be 
accurate. 


The census data on internal mipration are obtained directly 
by including a question on migration. The usue2l direct questions 
seek information on: place of birth, place of last residence, dura- 
tion of residence in the nlace of enumeration and nlace of residence 
on a specific date before the census. Using such information the 
population in an area can be classified into two erouns: miprants 


‘and non-migrants. The direct questions bearing on mirration included 


in the 1978 census were (1) nlace of birth (2) nlace of residence in 
1977 (3). place of residence in 1967. 


Indirectly, misration may be estimated by commaring of total 
population counts for cormonent ereas in two censuses. The commonly 
used methods are: (1) ‘the vital statistics method which consists of 
commuting the difference between total porulation chance, as assessed 
from two censuses and natural increase curing the intercensal period; 
and (2) the survival Ratio Method which is used to estimate net misra- 
tion by ase; either derived from suitable life tables or from the 
comparison of successive censuses, say the 1967 and 1978 censuses. 


Methods of Indirect Estimation 


The indirect estimation of migration is based on the know- 
ledge that population increment between any two dates for any given 
peographic area is the result of natural increase (births minus deaths) 
and net migration. 


Given the nonulation of an area at two points in time and 
an estimate of natural increase durins the interval, we can calculate 
the number that would be exnected at the end of the interval in the 
absence of micration. The difference between the observed and the 
expected change, gives an estimate of net change cue to mipration. 


Ther. NATIONAL GROWTH RATE METHOD 


This is a rouch but simple and commonly used method cf estima- 
ting net migration in an area. The idea is based on the commarison of 
the recvional crowth to the national srowth and any difference 1S 
attributed to migration. It assumes that the natural rcrowth rates in 
the regions are same as that in the ‘country and that enumeration 
completeness is similar between refions. 

The method consists in calculating repional and national 
growths for the intercensal interval by the simple formula: 

Y= (P. - PA)/P 3 where P. and P. denote resnectively the 
population at the earlier and later censuses. 
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The micration rete for reci on i is calculated as 
i y eS | E 
= -._D~) /P~ = eee p 
a Cr Pole ei Po)/ 2 
Applying this migration rate to the base nenulation of rezion 1 we 
set the net micration. 


Applying this method te estimate net migration in Zanzibar 
North, we have the norulation fipures in Zanzibar North for males in 
1967 and 1978 respectively as: 


Zanzibar Zanzibar North 
1967 177905 27974 
1978 2360592 382709 
Hence | : 
m = (38270 - 27974) /27974 - (236592 - 177905)/177905 


= .368 -.330 = .038 
Hence net migration to Zanzibar North is .038(27974) = 1063. 


10.3 CENSUS SURVIVAL RATIO METHOD 


If vital statistics are available and acceptable, then from 
the balancing equation: 


on x P+ @ - D)+ (I - E), where B, D, I and E denote res- 


pectively the births, deaths in and out-micration during the inter- 
censal interval and P_ and P are the populations at the earlier and 
later counts, we can “ohtain"the net mirration commonent as: 
Pe = Pp - P - BED 
n fe) 
However in countries where vital statistics are poor, as in Tanzania, 
this method cannot be attemted. 


The growth rate method civen earlicr is some kind of an 
approximation to the vital statistics methoc. 


Yet another adaptation of the balancins eauation method is 
the census survival ratio method which we shall illustrate by using 
Zanzibar data. The method requires comparable ace-sex distribution 
at the two enumerations. : s 


_ Overationally, a census survival ratio is the ratio of 
the population aged x4 n at a given census to the nonulation aged 
xX at the census n years earlier. The ratio is then multiplied by 
the nopulation ased x in a civen area at the earlier count and the 
expected survivors are subtracted from the corresnondine nopulation 
enumerated at the second census to yield estimtes of net migraticn. 


Synbolically, if Ps. ¢ Tefers to tie ovulation in the ith 
> ? 


region in a particular age croun x at the first census (time t), 


criss 
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ae ee: 


Be et R De t re the corresponding population n oe older (i.e. x+n) 
xt census after n years and P and refer to the 

corresponding ponulaticn of ‘the: countr’? 4s 2 windte! Ds the B estimate of net 

migration is given by the formular: 

: m, (x) = ~ 

, 3 SG pXeh Te Ores in ae 


ee 


ine: ratio P 3 
xtn, ttn! Px. t iS the census survival ratio at are x. 
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5 Normally ponulation data are compiled by five-year arse groups 
= and the intercensal interval is either 5 or 10 years. However in the 
; case of the last two censuses in Tanzania the interval is 1l years 

3 - (1967 - 1978). In this case adjustment procedures are required, 

; These will not be discussed here. The tabulations that follow illus- 
trate the vrocedure used to estimete net misration by age using census 
survival ratios. The ase sroums for 1978 have been camiled from 
Single years in order to obtain ase grouns corresronding to those of 
the 11 year census interval. i.e. population ased 0-4 in 1967 will. be 
aged 11-15 in 1973. Table 28 gives thé intercensal survival ratios for 
Males in Zanzibar. Table29shows the precedure for the calculation 

of net migration. : 


4 | Table 28 MALE POPULATION ~_ ZANZIBAR BY AGE 1967 AND 1978 AND 
; US SURVIV: 1967- 
; Ne LOL 
4 
: AGE GROUPS MALE GE GrOUPS MALE (CSR) CENSUS SURVIVAL 
3 | 1967 pons ae 1978 POPULATION RATIOS, 1976-1978 
0-4: 32116 eis 27372 9523 
5-9 29863 16-20 21449 7182 
10-14 14441 5. ee 1.9597 
15-19 11246 26-30 15501 1.3784 
20-24 9957 51535 9608 9649 
25-29 13649 36-49 ekino oe 8741 
30-34 12726 AY=AS, 7629 5988 
Byesg. 10380 46-50 - 8457 8171 
40-44 9459 51-55 1689 4957 
45-49 6593 56-60 6974 1.0578 
50-54 7621 61-65 3466 LASAS 
55-59 3593 66-70 1390 1.2218 
bichA -<. ¢ 668S ks 1830 2737 
| 65-69 2393 76-30 2108 2809 
| 70* 7213 git 1749 2425 
All Ages 177905 . Total 11+ 142448 8097 


RNR NT 


The CSR method assumes that the nopulation is closed to 
international migration anc the coverage at the two censuses are 
similar. It also assumes that regional differentials in mortality are 

nil. However, errors in age reportins and net immigration from abroad, 
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may yicld a survival rate that exceeds unity for some ave srouns, — 
This is an impossible value but as far as the method is concerned it 
is used for the rurnose of estimating net migration. T he method can 
estimate migration onlv among those aged 11 years and above. Esti- 
mates of micration among children aged 0-10 years can be anrroximated 
by usine relation between women and children (child women ratios), 
whereas the srowth rate method indicates a net-in misraticn, the 
census survival ratio method shows a net out migration. Perhaps the 
assumptions underlying the methods are not satisfied. Usually it is 
advisable to check the situation with any direct evidences cne may 
have. We shall do this by using the informati on cn nlace of birth 
and place of residence in 1967 and 1977. 


Table 29 ESTIMATING NET MIGRATION IN ZANZIBAR NORTH FOR MALES, 1967-78 


Age in Pop. Age in O.S.R. Expected Actual Net 
1967 1967 1978 Pope * Por. Micration 
Q) (2) (1)x(2) (3) (3)-(4) 
0-4 5362 11-15 8525 4570 5057 ~613 
ao 5156 16-20 .7182 3703 3426 “21m 
10-14 © 2292 21=25 £0597 2429 2559 ~ 94 
ge-iS . 1556 26-39 1.3784 2145 Zo19 174 
20-24. 1296 31~35 964 1251 1470 219 
f9-29-—.-. 1840 36-49 8741 1608 1788 30 
0-54-1990 41-45 5968 1192 1173 pe 
ga-o>- = 1435 46-59 cory th 1173 1389 216 
40-44 1578 51-55 4957 782 719 = 
45-49 . 1043 56--60 1.0578 1103 4219 116 
s0=94 © 1222 61-65 4548 556 640 34 
Sono 562 66-79 t2218 687 758. : 71 
60-64 - 1126 tS ont Oe 22737 1376 SA7—- =. ~-1029 
65-69 370 76-80 .8809 326 A24: ..: 98 


70+ 1146 Gs © 2425 278 375 7 


DIRECT METHODS 

10.4 ESTIMATING MIGRATION FROM PLACE OF BIRTH AND PLACE OF ENUMBRATION 
a eRe ee Ee VE ON 

Using data on the place~of-birth and place >f enumeration it 

1S nossible to classify the ronulation ‘into two grours: 

(a) Misrants - defined 2s nersons who were enumerated in 2 place 


iiterent from the nlace where they were born. 


(b) Non-migrants - persons who were numerated in the place where they 
were bom. 


; In the 1978 census tabulations, birth-places were classified 
by the broad categories: Same Region, Other Mainlands/or- Island 
Recion; and outside Tanzania. Birth-nlaces were also defined hy 
region. The comilation of birth places by nlace of enumeration for 
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Zanzibar are illustrated in Table 39 


we eeecon be noted that 183 
were migrants within Zanzihar-Penba, 4% from mainland and about 


1% from outside Tanzania, As exnected, internal micrants were more 

at younc adult a; Fes with only few children and old rersens. Misra- 
nts from mainland had less nronertion of children but had sizeable 
alder NSETSons., The streams of life-time 71 eration are shown in Table 31 
which sives for Zanzibar the number of in-and out-micrants, the 
volume of net mirration, the origin and cestination of each stream 


ar is 8 
of micratio Te toO An Srcan each rer pon in: Zan7vi par. These values are 


obtained from Tahle 32: showing the nonulation by mlace cf birth and 
peace of resicence in 1977 


i 


Table 30 POPULATION BY AGE AND PLACE _OF SINT, ae ar and Pemba . 


ec: ee 


Age —* Total “Same oa othee Baie a: ee Outside 
Region =34 .~ Tanzania Tanzania 


Ok NTT sma 


476,111 368,416 86 , 302 17,587 3,696 
0-4 90,655 79,955 ASO 1,166 4 


Table 3 LIFR-TIRG INTERNAL MIGRATION IN ZANZTBAR 


Paras: > In- aie Ree Out- Net 
ion A es 
Recion Migration Migration g 
Cee 2) ee (3) BOnnO 
Zanzibar or 5301 , 1851" ate 
North 


Zanzibar 6915 22131 | -16116 
South Seat 


Zanzibar 60475: 6300 5176 
West 


thee 
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Table (Cte 
Region In- Out- Net — 
(1) Mioration Migration Migration 


(es) J ee (2) - ©) 


— ae 
—— ne 


Pemba E229 | 15772 ~O4233 
North 
Penba 5348 2627 15339 


Seuth 


Total 83508 83508 7 


-_ 


pe es 


um totals and corresronding diagonal values , e.7., 6915 = 
ANQAD. = 38025. The figures in columm (3) are difference 
between crew totals and ciasonal values, ¢.7. 6399 = 


69593 - 63104. 


Note: The ficures in colum.(2) sre obtained by differencing the col- 


Table 392 PLACE OF BIRTH BY "LACE OF RESIDENCE 1977, ZANZ TBAP 


PLACE OF RESINENCE 1977 


Place of Birth ISLES 
Zanzibar Zanzibar Zanzibar Pemba Penba  Tetal 
North South West North South 


Zanzibar North 6768 1221 16960 613 625 86201 
Zanzibar South «697 33025 20759 382 392 60156 
anzibar West “°° 1512 3195 63194 929 772 69593 


3 9 
Pemba North 11139 773 39321 93575 3559 109347 


1 ‘ la P ss - ae 2 
Pemba South 2143 C26 13344 A374 37938 106625 


Total 73963 AANG9 123579 99864 93286 433832 


19.5 MIGRATION ESTIMATES FROM PLACE OF PREVIOUS <ESIDENCE 


A question on “lace of residence on a fixed mast date 
(1967 and 1977) was asked in the 197S census. This nrovices a 
specific migration interval in which migration status is determined 
by a commarison of resicence at two definite roints in time. A 
migrant is defined as a nerson whos e residence at the census date 
ciffers trom his residence at the snecified prior cate. Such a pra- 
ceaure gives a count of surviving migrants for 1 fixed nerind of 
time. Table 33 shows 2 cross-classificetion of micrants bv nlace of 


eer, 


os 
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Table 34 shows the in, out and net micration streams within 
the islands. 


_ __ We note from Tables 31 and34 that Zanzibar West region is 
a gainer of migrants and all other regions are losing populati on. 
This is cue to the relative better develonment in that region. On 
the other hand, Pemba South is a heavy loser perhans due to lack of 
economic opportunities, social facilities and other. reasons. 


Table 33 ZANZIBAR INTERREGIONAL MIGRATION 1967-1977. 


. 3 ’ Pa ; é 
Region of residence in 1977 : 


“Region of Zanzibar Zanzibar’ anzibar Pemha Pemba“ Total 


residence North South West North: >= Seuth. 
1967 3 aes ie ee a 
Zanzibar 41971 356  Ag92 245 249 47713 
North oe : i } ag 
Zanzibar 244 | 26AA3 2 Se eee cy 219 34618» 
South . 
_ Zanzibar MRE G 2? > 1362 63752 736 951 67506 
PeoneSt ee 
Pemba North 497 320 5187 57509  1324° 64837 
Pemba South 995 AO 6335 1399. 53328 62425 
Total "= SAgaFe = 2gR89 © “A7FTRF 60080... 85962" 277099 


“Table 34IN AND OUT MIGRATION IN ZANZIBAR, 1967-1977 


: In Out- Net 
Region. Migration Migration Migration 
Q) (2) (3) 2) 
Zanzibar 2401 5742 © | -3341 
North ne 
‘Zanzibar ~ 2446 “Sh ae ~6729. 
Do memribar, ~ 24035 i Ge ue 20281” 
eee ow J mn Ae 
eee ith a co Re 
| Peaba South,” 26527 9007 76463 
Total 9° #34096. | 34096 0 


Note: Fi res in colum (2) are the differences between column totals 
| ae, and correapemine diaponal values, e.g. 24035 = 87787 - 63752. 


_2 Figures in column (3) are the differences between row totals. 
i" ani. correeeun is diagonal values, e.g. 7328 = 64837 - 57509. 
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10.6  URBANISATION 


The 1978 census definition of an urban area included all regional 
and district headquarters with criteria of size. class and density also 
being used wherever necessary. Land use criteria and nature of. economic 
activity were other additional tests for considering areas as urban. 
Thus there was difference in definition between the last 2. censuses. 


According to the 1978 census, 13.3% of the population of the 
country was urban and the urban growth rate was 10.8% per year. For 
Zanzibar the corresponding values were 32.6% and 3.9% and hence it can 
be seen that Zanzibar is comparatively highly urbanised but that the 
Mainland is morerapidly urbanising. Whereas in 1967 there was only one 
urban locality with 100000. or more population, in 1978 there were 3 out 
of which one had population over 500090. 


There was tremendous variation in the proportion urban within the 
country with Dar Es Salaam having 91.3% urban as against West Lake 


region having only 3.4% of its population as urban. . : 


_.. The rather high urban growth has been the result of rural to 

urban migration. Table 35and 36show the intra-and inter-regional mig- 
ration statistics for Zanzibar from the 1978 census. The volume of 

in, out and net migrations are shown in Table37from which it is obvious 
that rural to urban migration is a major factor for urban growth and that 
inter-regional migration plays an important role. 


Table 35 INTRA-REGIONAL RURAL-URBAN MIGRATION IN ZANZIBAR 


Place of Residence in 1977 


Place of Residence Regional District Rural Area 
1967 HQ HQ HO 
Regional HQ 55223 108 202 
"District HQ a 8550 93 
Rural Area 2656 1106 1299 


Table 36 INTER-REGIONAL RURAL-URBAN MIGRATION 


Place of Residence in 1977. 


Place of Res idence . Regional District Rural: Areas 
sors, 1967 | HO tee 

_ Regional HQ ie $266 411 576 

District HO :.: 1547. S01 35° es 

Rural Areas “11467. ~~" 304 479 


Val Fe 
Table 37 VOLUME OF IN, OUT AND NET INTRA-REGIONAL MIGRATION, ZANZIBAR 


Im migration Out’ migraticn Net micration 


Intra-regional 


_ Regional HQ 2867 | 310 2557 
District HQ 1214 304 919 
Rural Areas 295 3762 -3467 


Inter-regional 


Regional HQ 13014 987 12027 
District HQ Tass 1590 -875 
Rural Areas 619 11771 | ~11152 
oan POPULATION GROWTH AND STRUCTURE 


11.1 POPULATION GROWTH 


Introduction 


Analysis of population growth require periodic and systematic 
information on population totals and the regular collection of birth 
and death records, together with data on migratory movements. Unfor- 
tunately for Tanzania relevant information in this detail is not 
available. 


There. are however ways of computing fairly accurate separate ~ 
estimates for births and deaths. Crude birth rates can be computed 
from the child woman rates, from 2 census age distributions and from 
adjustments to reported current and retrospective fertility and crude 
death rates from census survival ratios, child mortality estimates etc. 
In addition, estimate of migration rate can be obtained from questions 
on migration or from indirect methods based on age distributions. 


../1 38 
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Table below shows the intercensal rate of population change and 
annual growth rate. | 


Table 35 INTERCENSAL POPULATION GROWTH 


RT 


Population Population Percentape Annual growth 

Area 1967 1978 change rate (%) 
1967/78 1967/78 

Mainland 11,958,654 17 ,036 ,499 425 9 

Zanzibar 354,815 476,111 34.2 

Zanzibar s. 

Island 190 ,494 270 ,807 42.2 3.2 

Pemba re ee 

Island ~ 164 ,32] 205 , 304 24.9 260 

Tanzania 12,313,469 17,512,610 42.2 a2 


REGIONAL POPULATION GROWTH 


Within the country, differential rates of population growth exist 
by region (see table39 ). Possible factors for differential growth are 
differences in rates of natural increase (Birth rate - Death rate); 
varying intensity of internal migration, in the form of resettlement 
schemes or individual migration from economically wmattractive areas to 
economically attractive ones; and differences in reception of inter- 
national migrants, especially refugees. 


Table 39 REGIONAL POPULATION GROWTH: MAINLAND 


Population Population Annual growth 
Region 1967 1978 rate 1967/78 


Dar es Salaam 356 , 286 843,090 7.8. 
Rukwa 276,091 451,897 +5 
Tabora 502 ,068 817,907 4.4 
W. Lake (Kagera) 658,712 1,009 ,767 3.9 
Arusha 619 ,474 926 ,223 a0 
Shinyanga 899 ,468 2A RO he HS 
Mbeya 753,765 1,079 ,864 SM 
Ruvuma _ 395 ,447 961,575 aie 
Dodoma * 709 , 380 72,005 2.9 
Kilimanjaro 652,722 902 ,437 fs 
Morogoro 682 ,700 939 ,264 2a 
Kigoma 473,443 648 941 Awe 
Mwanza 1,055,883 1,443,379 2.8 
Tanga 771,060 1,037 , 767 out 
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Table 40 TOTAL _2OPULATION, ‘URBAN POPULATION 
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rep.e (ctd.. .) 
; Population Pooulation Annual growth 
Region : 1967 ee a rate 1967/78 
: oe aa (3) | 
neers ee 7 Perse te £2 
Tringa 689.995 925,048: Va 
Singida AS7 ,938 613,949 2./ 
Mara 544425 725,827 ra 
Lindi 419 853 527,624 ok 
Mtwara 621,293 771.818 2. 0 
7 Coast 428 041 516,586 Over 
A a eRe eo 


URBAN POPULATION GROWTH 


Urban population of the Mainland has been growing. at a very high 
rate since 1967. This :is essenti- ally true even if one adonts a more 
rigid definition than the one used in the 1978 national census. This 
rate of growth, 2s indicated in Table 40. cannot be expected to onerate 
indefinitely in the future. However, on the other hand, it would be 
unrealistic to expect any dramatic dec] ine in this rate in the near 
future. Economic and other measures necessary for such decline would 
take time before they could resister appreciable immact. 


it appears that ¢ istrict ond regional headquarters would continue 
to absorb most & the growth of urban population, th \augh it is likely 
that other localities would craw in their number and, te a less marked 
excene, in their contribution te the overall urban population. 


PERCENT URBAN, aAND 
FOR THE 


RATE OF CROWTH OF URBAN POPULATION 
LANZIBAR AND TENZANTIS 


Totak wae Urban Percent Urban Annual 
Year Population Population Urban srowth rates 
(census) — 3 (inter cens a) 
Mainland 
0 a 7480400 197300 2.64 
1957 8788500 364190 4 Ja $81 
1967 11958654 685092 ee be 6:32 | 
1978 17036499 2257921 13.25 19,84 ee 
| Zanzibar eos . 
1948 264200 52709 wat 19.95 3.57 
ye 295600 72000 24.36 : 3.43% 
1967 354400 | 101475 7 6ao0 3.85 
1972 A76111 154979 eb 
,Tanzania 
Sears (ay na 12313054 786567 6.39 
1978 17512610 2412909 13.78 10.19 
a uate wes 
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The level of urbanisation in Zanzibar was higher than that in the 
Mainland, but 2 strikine feature of urbanisation of Zanzibar is the 
relatively persistent slow growth of urban population. Also the near 
constancy of these rates at low level indicates that rural-urban migra-~ 
tion has played only a secondary role in the growth of urban nopulation 
with most of the growth attributable to the natural increase. This, 
once again, sets ‘Zanzibar at variance with the Mainland where rural-urban 
migration appears to have plaved a more significant role. General 
economic conditions coupled with size and density of population, level 
of urbanisation already attained, spatiel differentials in economic 
opportunity, relative ease of accessibility between different parts, 
political and other links with the Middle East and other countries of 
East Africa, all tend to indicate that no dramatic upsurge in urban 
growth, at least in the near future, is likely to occur in Zanzibar. 


GROWTH OF SEGVENTS OF POPULATION 


For detailed analysis, it is sometimes desirable to comoute growth 
rates of sub-populations or special groups of a ponulation. For example, 
the growth rate of females and males separately or the erewth rate of a 
-population in a certain age gréup (Active ponulation, children under © 
15 years etc.) may be needed. Sometimes it is also important to lock at 
the growth rate of the nopulation in various sectors of the economy -~ 
for example, the population in Acriculture, Industry etc. In any case 
all these computations are not a problem, if data is available and 
comparable between two points of time. Table4lcoives some of these 
computations which also serve as socio-economic and demogranhic indicators. 


Table 41 SELECTED SOCIO-ECONOMIC AND DEMOGRAPHIC INDICATORS FOR THE 
MATNEAND, 1978: PRORAL AND UF ats 


Indicator Urban Rural 
Soars i el! TS 
Sex ratio “1S6eEa = - 94.4 
% under 15 years 40.4 46 .9 
% 60 years and over 3.4 6.5 
% Single, males (12 years and over) 45.5 “40.8 
% Single, Females (12 years and over) 28.6 24.5 
Child-woman ratio 701 821 
Dependency ration (3) 77.9 114.6 
* Literate, males (19 years and over) 84.4 61.5 
° Literate, Females (10 years and over). 59.8 35 .6 
3 Literate, total (19 years and over) 73.0 48.1 
% with no formal education (10 years and over) Ay oes 5 Sis? 
6 with primary school completed (10 years and over) 21.6 6.4 
@ with secondary school completed (10 years and over) 9.36 0.01 
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11.2 POPULATION STRUCTURE 


In addition to knowledge of the growth of a population, we also 
need to know its sex and age structure because these two important 


characteristics of a population have considerable impact on democraphic, 
socio-economic behaviour. 3 


Many types of planning such as planning of commmity institutions 
and services like health services, manpower development policies etc. 
need data by sex. Social and economic relationshins are influenced by 
sex composition of a nopulation. So also are social roles and cultural 
patterns. Demographic variables like fertility, mortality and migration 
have already been noted to be influenced by the sex commosition of a 
population. 


For evaluation of statistical data, information by sex provides 
an useful tool. es 


_.. Age information is yet another imrortant aspect of a population 
because the incidences of demoepraphic, socio-economic variables are 
influenced by age and in combination with sex is an indispensable : 
piece of information not only for planning and policy making but also for 
evaluation of data. | 


Age and sex structure of a population are influenced by the demo- 
graphic factors of fertility, mortality and migration. Sex ratio at birth 
is another important factor affecting the sex commasition of a population. 
Sex differentials in mortality and migration bring in variations in the 
sex composition of populations. Coverage and quality of enumeration 
are also responsible for observed patterns of age-sex distributions of 
populations. 


Generally, 'young' populations and populations with high birth 
rates tend to have higher overall sex ratio than 'old' populations and 
populations with low birth rates because of the excess of boys among 
births and children and the deficit of men among older persons (higher 
male than female mortality). A penulation is defined as 'young' if 
its median age is less than 20 years, as ‘old’ if its median age is 
more than 39 years and ‘intermediate’ if median is between 20 and 29. 
The median age of Tanzania being 15.7 years is thus a very young popu- 
lation. ; 


- Another criteria for considering ee aera as 'old' may be s 
meceenrkianeof older persons. In developing countries, generally 
Cea persons than in develoned countries with high 
levels of expectation of life at birth. In addition to mortality, the 
high level of fertility usually observed in developing countries results 
in a relatively lower proportion of old people. As mortality is 
reduced, the population tends to an ‘old’ one and this process gets 
accelerated if.fertility also is reduced. The problems of young' and 
'old' populations are different in terms of socio-economic needs and depend ency 


ratios (child and old age) would be different. 
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Le; POPULATION COMPOSITION - EDUCATIONAL AND ECONOMICALLY ACTIVE 


12.1 EDUCATION 


Education statistics collected in censuses and surveys are normally 
that. on literacy and formal education. It is difficult to define and 
collect statistics on informal education. Education is an important 
variable which cannot be ignored in demographic analysis, 


In the Tanzania's census of 1967 and 1978 it was sought to deter- 
mine literacy rates by including in the census questionnaires the 
question ‘‘can you read and write in Kiswahili?" 

The following table presents the situation in 1978. 


Table 42 PERCENT LITERATE BY SEX ~ MAINLAND AND ZANZIBAR 


AGE. MAINLAND 7 ZANZIBAR 
M E M F 

10-14 70.2 lee 83.1 73.6 
15-19 83.5 60.0 134 56.4 
20-24 76.9 47.4 oie 43.7 
25-29 74.5 38 .6 65.9 31.4 
30-34 70.8 2000 56.1 18.7 
35-39 63.8 2175 50.4 zB are 
40-44 Oss 2 1532 40.0 8.8 
45-49 48.9 T2 3% Sine ae 
50 + | ks Fee 5.6 22.0 sae) 


a ee er 


On education, the question asked was ‘What is your highest formal 
school education?' and for those still attending school the 'class’ — 
they are attending was noted down whereas for those who have comleted . 
schooling, the information collected pertained to highest 'class' completed. 


From these information, it is possible to calculate attendance . 
rate and highes* level attained for those who have completed schooling. 
For example, whereas in Mainland 42.5% of those aged 15-19 were attending 
school, in Zanzibar it was 40.3%. Similarly those never attended aged 
15-19 years constituted 27.93 in Mainland and 33.1% in Zanzibar and the 
balance 29.6% in Mainland and 26.6% in Zanzibar were returned as 
"ever attended’. | 


Again for those aged 10 years and above who have ever attended 
school whereas 92.8% in Mainland had completed standards 1-8 it was 
68.36 in Zanzibar. For standard 9-14 on the other hand, Zanzibar had 
38.1% and Mainland only 3.33. Both had .4% having completed university 
or higher education. Thus it is clear that among these who go in for 


education in Zanzibar, there is a high proportion who continue for post 
primary education, 
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2.2 ECONOMIC ACTIVITY 


Definitions 


oe 


ALI persons consume papas ana services but only a part of the 
entire population ay Beers country +S eng? sed in producing such goods and 
services. Those necple who engage in the rroduction of goods and 
services are said tc be economically active. ‘Those who are pat ngaged 
in the production of ccods and services are economically inactive and 
are said to be dependant. Economically inective population include 
mainly young children, students, the aged, the disabled, underermioyed 
home-makers ely hous and all others who are not working. 


Labour Force consists of all empioved nersons’ Sfeconomically active 
population) and. those unermloyed persons who are able to work and are 
seeking work fO5 Be or Profit. 


Mescures 


an nce 


There exist various measures for econcemically active ponulation 
depending on the type of data available. These measures are penerally 
referred to as economic activity rates or labour force narticipation 
rate These rates can be’ calculated on-the basis ‘of the whole nopu- 

lation or on specific ages and separately for males and females. The 
ages 15 to 64 years is usually reza irded as the working ape. Therefor 
if the exact size of active ponulation is not known ,those. aged 15 to 
64 years are usually taken as an estimate for active nodulation. ~The 
questions on economic characteristics of the nonulation in the 1978 
census were 'what are you usual] Ly doin te eam your living' and 
‘what is your econcmic status’ Tabulations nertained: ‘to the work 
force by age classified by those with wage and salary. ‘employment 
(nermanent, termorary and casual) and others like own account anc 
family workers. In addition tables have been nrepared of nonulation 
5 years and over by main occumation. 


5-29, there were | 
S giving a parti- 
ad agriculture as... 


For example, in Zanzibar among females at age 
9116 in the work force out of a total of 16917 
cipation rate of 56.9%. Out of this, 7027 or 77.1% 
Iain occupation. : 


) 
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gs SIMPLE PROJECTIONS AND ESTIMATES 
Intreduction 


The study of sopulan tee Seth has one specific practical arpolica- 
tion. = to calcuiate population trends for the future. The product of 
such calculation is given various names including future population, 
forecasts, extranolations, e estimates or projections. In either case, 
they #11 imply extending some plausible pattern of rrowth from the past 


into the future and vice versa. 


Population projection | is simmly a term intended, to imly ne more 
then an illustrative calculation based unon certain given assumptions. 
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At the present time. the most complete and reliable source of 
information on the population of countries and their geographic sub - 
divisions is the census based on a house to heuse enumeration. Popu- 
lation is constantly changine, sometimes quite rapidly. Hence census 
statistics which are normally collected once every ten years are not 
adequate for most current neecs. Planners. researchers, educators, 
politicians etc. need current date (in each year) to plan and evaluate 
programmes. 3 | ee 


In order tc nect the need for basic ponulation figures more fully, 
a wide variety of estimatine techniques, including the use of samle 
surveys, has been developed. Like the census, sarmmle surveys .are too 
expensive to conduct each year and cannot provide data for past or 
future dates. Nonsurvey or analytic techniques involving the use of 
vital statistics data, immieration date, other data eymeelic ~f 
population change, and mathematical methods however are relatively 
inexpensive to apnly and can be used to prepare estimates for past and 
future dates as well as for current dates. 


Estimates fall into three broad groups. These are: 


(1) Intercensal estimates, which relate to a date intermediate 
to two censuses and take the results of these censuses into 
account, tt bee | 


(2) Postcensal estimates which relate to a past or current date 
following a census and take that census and possibly earlier 
censuses into account, and | 


(3} Projections which relate to dates following the last census 
ett future dates. for which no current reports are 
available. Both postcensal and projections can be regarded 
as extranolations, and intercensal estimates as interpola- 
tions taking these terms in their more general sense. 

Estimates may be for the tot2l population of a country or geo- 

graphic subdivisions of a country or classes of areas within the country 
(e.g. urban and rural areas) or a narticular class of nonulation dis- 
tinguished by ase, sex, race etc. 


The framework of projections 


No war or natural disaster and no economic fluctuations of a cyclical 
nature; 


Choice of the projection technique and Determination of base period 
estimates ; 


Projecticns of growth components is cormoniy fomded on some 
version of the theory of demographic transition: Sometimes pro- 
jections are modelled on the experience of a particular country 
more advanced in the demographic transition then the one for which 
a projection is being made; in other cases assumptions as to the 


pans) 42 


sin 149 a 


forms of the future transitions and trends of mortality and fert- 


ility are drawn according to the intuitive judgement of the 
authors , 


What is required is respect for the specificity of each epoch 
and each population. 


Among otker relatively simle ways of projecting the growth com- 
onents (fertility, mortality and migration) are (a) assumption © 
that they will remain constant at the base period - levels (b) extra- 
polation of past trends and (c) projections to set targets assumed 
to be reached at specified future dates. Ey*ranolation or the 
assumption of no change is often used when no satisfactory basis 
for other assumptions is found while target setting is often 
practiced in projections of migration commonly assuming that net 
immigration or emigration will decrease to the vanishing point. As 
far as possible, assumptions as to the future of the demographic 
variables should be formulated within a conceptional framework of 
their relations with exnected social and economic changes. 


Projections can be obtained for one area on the basis of changes 
in some other similar area or more inclusive area for which a 
projection is already available. This includes 


(i) Distributing the projected ponulation of an area encng its 
subdivisions taking account of the past proportionate dis- 
tribution (ritio methods) and (ii) Projecting the growth 
components for an area on the basis of changes in these 
components of a similar area. : 


Usually four varients - constant, low, high and medium are prepared 
varying the parameters suitably allowing some flexibility to users in terms 
of varied needs and applications. . 


Length of projections depends on type of area, the needs to be gerved, 
the cenceptions of the problem by the analyst and the available resources 


in general. 


Long term projections (25 years) are needed in connection with 
water and forestry resources, transportation and recreaticral faci- 
lities, planning for food production, etc. Middle range projections - 
(10 - 25 years) are required for planning educational and medical faci- 
‘lities. and services, housing needs. Short term projections (10 years) 
are needed for short term economic analysis. Simple methods may be 
used for short/middle range yrojections; more elaborate methods are 


used for the longer term projections. 


Frequency of projections is a fimction of: 


the extent to which current projections are out of tune- with 
current estimates, the mere passage of time, availability of 
new data, advances in new data and advances 1n new methodology. 
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It is important to observe that: 


(a) More accurate estimates can generally be made for an 
entire cc’mtry than for the geographical subdivisions of the 
country. The national population is much more likely to be a 
closed population than is that of a SU°v1V1IS1Cn, of the country. 
Moreover, when there is immigration, it is likely to be regis~ 
tered for administrative reasons while internal migration will go 
unrecorded. In general, more direct data, (ata of better quality 
and more information on how to adjust these data for deficiencies, 
are available for the larger areas, particularly for entire 
countries, than for the smaller areas. Similarly more accurate 
estimates can generally be made for the total population in an 
area than for groups based on demographic characteristics of the 
population of the area. 


(b) The accuracy of the estimate will greatly depend on the 
accuracy (quality) of the base data uscd and the correctness 
of the estimation method and assumptions made. The accuracy of 
the final estimate will also depend on the length of the estima- 
tion period, Too long term projections are likely to be unreli- 
able. | ; 


Essentially there are 2 approaches - mathematical curves and 
models and cohort - component method. Recently, less and less use is 
being made of mathematical methods although they are not abandoned. 

In specific cases, use of mathematical methods like in subnational and 
sectoral projections may be the only avenue available. 


13.1 MATHEMATICAL CURVES 


One of the casiest methods of population estimation. especially 
projections is the use of mathematical curves. If a mathematical growth 
formula (curve) is assumed and the base population and rate of growth 
are known, then the population estimate for any year can be obtained 
from the formula by simple calculations. The main problem.is to get 
a mathematical curve which would adequately fit with the crowth of a given 
population especially over long neriods of time. As a result this 
method is very unreliable for projection purposes and is normally used 
for short-term projections only. 


Linear growth 


Linear growth implies that the population is increasing by the 
same quantity (number of persons) each period (year). This however 
rarely happens in any real situation. Most populations are growing in 
such a way that the number of people added to them increases each year. 
Therefore in almost all cases population srowth can only be presented 
by (an upward) curve and not a straight line. Therefore linear growth 
formula has little application, excepting where migration of a fixed 
number of persons per year is operating and submerges natural growth. 
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Geometric growth 


ie A ue the ost commonly used growth curve in nopulation projec- 
ci Cees € geometric formula P, = P_(14 r)t . Geometric curve assumes 
oad Ne bf See annual compoundiitg and it is sometimes referred to 
: ny emda interest curve. Geometric curve is quite suitable for 
neste weeeince projecting) population over short periods. It has ‘some 
unaing ee et tt assumes that the population grow, by compo- 
z ; 3 . : 
eteatinuus. ioa (year) whereas in actual fact population 


eal curve 


give oo sy pean eH ows continuously, the exponential curve which 
ntinuous compounding is sometimes used. Exnonentia is of 
the form Pi. us art - | Sic | dor curve is of 


| Other growth curves 


Other growth curves like the modified exnonential, the Gomertz 
and logistic have also been used in population projections. 


_ Projected pepulations using growth curves are obtained by substi- 
tuting the value of ‘t' the time period in the mathematical equation 
derived based on past data. For example, from the equations fitted 
in Section 7.4 we can note that if we put t = 1978 corresponding to 
x = 21 we will get the projected population of 1978. | 


From the linear equation 
y = 9633263 + 241966x we get 
Pop. 1978 = 9633263 + 241966(21) = 14714549 


and from the exponential equation 
In y = 16.062 + 21(.025) = 16.587 
or y = 15982421 | 


These figures can be compared with the enumerated population of 17512611. 
Whereas the linear growth underestimated the population by 19% the expone- 
ntial growth formula was off by about 10% only. The past growth has 

been slow and the curves depict this. The accelerated growth of 

1967-78 was not anticipated by either of the curves. 
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13.2 COMPONENT  (COHORE) PROJECTIGCNS 


In these, separate projections of the eamgonents of population 
change are rade i.e. fertility, mortality and micration are projected and 
in conjuction with the base age~sex structure, these are used to carry 
forward the ropulation. Since the base age~sex data may be affected by 
errors, biases and deficiencies, smoothing and adjustment for coverage 
and content are first done and ther: age specific fertility, mortality anc 


migration rates are used to project the norulation. 


Since the estimation of births in the projection process requires 
the average number of females by age groups in the reproductive span, 
usually the operation is carried out with respect to mortality and migra- 
tion and the average is usually taken as the arithmetic mean of the base 
and »rojected values. (Due to availability of data, it is conventional 
to carry out the projection at intervals of five years and in five years age 
groups. However, if sincle year or ten year of age and other parameters 
are available, then such projections may also be possible). 


For projecting the survivors of the base period, the use of age 
specific survival ratios from life tables would be necessary (by sex) . 
Thus with five year of age group data end five year survival ratios, 
we carry forward the population by five years and the population would 
be five years older. Hence children aged! 0-4 years (who are the 
survivors of the births of the 5 year period) need to be estimated by 
first obtaining the births (by multiplying the average female population 
by age specific fertility rates or using SAABR or synthetic fertility 
schedules {model patterns) with given TFR). The sex proportion at birth 
can then be used to obtain male and female "ae Symbolically, if 


pt is the population aged x at time t and § Ss is the survival ratio for 


tfc population aced x for the one year since time t, then population aged 
x+1 at time t+l is 
ptt up Boyt 


x+1 ae 
assuming that migration is nil. Otherwise, an aporopriate figure of 
migrants during the period at that ege can be added to obtair the projected 
population one year older at a time one Bic cade Similarly for five 
year grouped data, 


To obtain the number of births in a five year neriod the formla 


Total no.-of births = 5 SAABR (weighted sum of 
1000 
average of female population aged 


15-19, 20-24, aan aa with respective 
weights 1, Ty Fe Brey 1). 


(if SABBR is used) and 
= 5(Sum of product of average female 


population aged 15-19, 20-24, ..., 45-49 
and corresponding age specific fertility rates). 
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(if age snecific fertility rates are used) 
The nurker of wale and ferale births would he: 
Male births = Total births (Male proportion at birth) 
,. Female births = Total births ~ Male births 


> brs o 
Ts> births wouid then be survived by apnropriate survival ratios 


ni be aged C-4 Vso Thus ; we obtain the projected population aged 
years. 


» Let us illustrate the method with the eeseion of the female 
: porulation of Ta for the neriod 1980-85. (here mid 1900 -is taken 
because carmarakle projections are usually for mid year veriods and for 
years ending in 0 or 5). 


x Since the census was on 26 Auqust 1978, we carry forward the 
population for a period of 1.47 years. Since the intercensal growth 
rate was 3.2% we use the same figure with exponential formula and get 
the female porulation as: 

(1-847((6.32) 


P : 7 
1960 mid year ~1978 census 


a5) 


“= 8925525 (1.0609) = 9468961 

Smoothed age distribution fac been taken from the census analysis 

resuits. Mortality level has been estimated at more than 11.3 in 1972-73 
-ané hence in 1980-85 it is takeri to be 13 and survival ratios are borrowed 
from. Coale-Demeny North model life tables. oes ee T™R of 6.86 estimated 
and watternoof fertility as shown by. census), births have been obtained, 
split into males and females and survived using anprocriate survival 
ratios. Table43shows the results. 3 


Table 43 Projection of female nopulation , Tanzania 1980-85 


Smoothed Pooulation Survival Population Average ASFR . Annual 


%; 1980 se ratio , 1985°" . 1980-85 - “Births 
(1) (2) “peee Alevel. 13) (4) ates (5) (6) (5) (6)=(7) 
"Births | 4865 241485... 
C= 6eees.2 89 :1723351 2929 2088845: 
5-9 14.4 1363536 971 1600993 
10-14 12.7 1202558 979 1323988") 
15-19. 9.2 861675 976 1177304. 1019489 .144 ° 146806 
20-24 8.7 823800 971 840995 832397 .328 273026 
Sete. 750. 662827 ~ 967 799910 731368 .315 230381 
3C -34 6:8 643889 6962 640954 642421 o261 167672 
35-39 «= §.0 473442 957 619421 546434 .191 104369 
40-44 4,3 407165 2952 453090 430127 .094 40432 
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Smoothed Pooulation Survival Population Average ASFP. Anmal 

8 1980 ratio , 1985 1980-85 Births 

(1) (2) (level 13) (4) 5) (6) (5) (6)=(7) 
45-49 2.9 274600 .943 387621 331111 .39 12913 
50-54 2.8 265131 926 259948 
55-59 2.4 227255 .897 2455711 
60+ 5.7 539732 694 578421 2 
All ages 9468961 11016001 6.86 — 


* Worth model of Coale-Demeny 


** The values in column (4) are obtained by multiplying values in a row in 
column (2) and (3) and bringing the values to the next row. 


*k* This is the value of TFR assumed 


13.3 SIMPLE PROJ*CTIONS_OF RURAL-URBAN AND SUBNATIONAT. 1C" ULATIONS 


Projection of urban-riral population 


There are several methods for orojecting the urban and rural populations - 
some of them simple but a few very elaborate and sophisticated. We shall 
illustrate only one simele method of vrojecting the urban population which 
utilizes an available national total population projection. This method 
can be extended to Ceri:2 age-sex Gistribution of urban population. As a 
difference, we derive the rural rnopulation. 


The method used is mathematical curve fitting and since the progress 
of urbanization in developing countries has been noted to follow the 
It gistic growth curve, the trojection is done throuch this curve for the 
calculation of future proportion of urban population. 


If proportion urban, on comparative basis, is available for an 
area at two given points of time, the method has been simplified as follows 
instead of going through the fittine of the curve. 


First, from Table 44, the table years corresponding to the | 
percentage urban at the two time period are noted anc the per calendar 
year change in table years calculated. For a required period of time, 
first the numbers of calendar years since the last available period is 
converted to nunber of table years and added to the table year corresponding 
to the last period. This gives the table year corresponding to the required 
time fiom which using the table, the percentage urban can be read off. This 
method is the UN urban rural growth difference method described in detail 
in this lManual VIII. 
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batt ‘ mga we have seen in section 11.1 that 6.39% and 

- ade opulation of Tanzania were reported as urban. These values 
ee od tak ~@ years ~269. znd ~183 respectively (by linear inter- 
polation). Thus a 1l calendar year period corresponds to 86 table 
years. If we wish to have the percentage of the population urban in 1985 
which is 7 cal endar years from 1978, the mmber of table years will 
be (€6 x 7)/11 = 54.7 or 55 table years. 


Te 3 Cf £7, 5 42 ; 5 2 
Hence in 1985 the corresponding table year will be -183+55 = -128 


For teble years ~128 the percentage urban is 21.77 from the table. 44 
Table 44values from logistic curve: 100 a .,,.at, for values of 

; t_= table year (ite) 
woe Year % Table Year $0 Table Year % 
350° neck 236 9.11 ~110 24.97 
“340 3.23 220 9.98 ~100 26.85 
--330 3.56 -210 10.91 - 90 22.90 
~320 2 ae ~-200 11.92. epee 31.00 
310 4,31 -19C 13.01  . = 70 33.18 
300 4,74 ~180 14.18 = 60 35.43 
-290 5.21 “170 5.45 - 50 37.75 
280 See ~160 16.80 =" 40 40.13 
=270 6.30 -150 18.24 = 30 - 42.56 
-260 6-9Ye ee tan 19.78 20 45.02 
250 7.58 -130 21.42 ~ 10 47.50 
~240 8.32 120 23.15 9 50.00 


For obtaining the % for positive values of table years, we use 


the fact that the curve is syametrio about origin 0. For example the 
value of the % for table year 00 will be 100-31.00 = 69.00 where 31.00 


is the value for table year ~80. 

The urben population is obtaine by multiplying the urban percent~ 
age by the proj ected total pooulation. Assuming for the time being that 
nercentege urban is similar for both sexes, we can estimate the female 
urban nopulation in Tanzania 1985 using the projected fomale porula~ 
tion in section 13.2 as: 

(Projected female population in 19e5X 

7 = .2177 (11016251) = 2399238 


Projected % urban in 1985) /100 


Projection of subnational pooulations 


For planning and policy implementation, in addition to projections 


ic of populations of a nation and by urban and rural categorics, it is useful 
ee 
% “ 
€ 


1% od 


to have projections of administrative areas like regions, vrovinces, 
districts etc 


Here also mathematical methods like the ratio, apportionment and 
arowth rate techniques are used in addition to detailec cohort commo= 
he = 
nent projections. 


13.4 SIMPLE PROTECTIONS OF SCHCOL POPULATION, LABOUR FCRCE AND HOUSEHOLDS 
e we ee 


echool Particinetion an¢ School porulation 


Projections of the number of children who will be enrolled in 
school are needed to formulate educational policies and plan educational 
programmes and, especially, to plan for needed schools, classrooms, and 
teachers. | 


Where education is universal, such as Primary education in 
Tanzania, enrollment depends on the mumber of school going children in 
the nopulation. As the pomilation grows, this group will also grow 
and its projection is determined from the rrojection of the whole popu- 
lation (by ace end sex). Where education is not universal, the size of 
school enrollment is dependent on copulation size and structure only 
through participation rates. Future expansion depends on the policies 
of the countries and extent of implementation of educational pia 


There are two main methods of projecting school Brtolanents: 


Age-s ific Enrollment Rate Method: 


The most widely used procedures of preparing projections of 
school nopulation has been to employ assuned age-specific or age-sex 
specific enrollment rates in combination with the projected population 
by age ard sex. The assumption relating to enrollment rates may he 
quite simle. One way would be to assume the continuation cf the 
current or recent chi Vieaat rates. Another way would be to extra~ 
polate {project) mast trends of enrcllment rates. In this case the 
mast trends may be assumed to contime as observed or projected taking 
into account hae in other socio-economic variables. Alternatively, 
one can borrow rates vrevailince in more advanced countries whose 
conditions are assum-d similar to the future conditions of the country 
under consideration. Where terminal rates are set, rates for inter- 
mediate years are usually obtained by some fom of fiathematical inter- 
polation. 


: When projections of school enrollment are made by the enroliment- 

rate method , they rarely contain detail on grade or school level. To 
Obtain such figures, one procedure is to prepare projections by age hy 
the enrollrent-rate method first, and then distribute the projected 
total enrollment at each ace by arade or school level on the basis of 
recent census, survey, or administrative cata (holding the cistri- 
bution constant or extranolating it). 


O illustrate the projection, let us consider the enrollment rate 
at age 15-19 in 1978 which was around 42%. Assuming that in 25 years 
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i.e. by 2003 AD, the participation will reach 60% we can interpolate the 
rate for intermediate periods. For 1985 for which we have a posulation 
projection (for females} let us estimate the female school population. 
Linear interpolation of the rate wil] produce a value of 47% i 


Using this percentage in conjuction with the projected population 
of that age group will give the projected school population. Assuming 


_ that female rarticination 1s not much different from total participation, 
we can obtain the female school population as: | 


(Participation rate at age 15-19) (Projected population 15-19) 
247 (1177304) = 553333 ) | | 


i Wl 


Cohort Method: 


Projection of age-specific enrollment rates on a period basis in 
the framework of an enrollment rate method has been the predominant 
method of making projections of school enrollment. For the less 
developed countries at all school levels, the possible variation in 
enrollment rates renders projection of enrollment rates a task 
fraught with great uncertainty. Other methods are therefore employed. 
Cohort method is used to secure enrollment projection hy grade. In 
this procedure the number of enrolled versons by grade is carried forward 


‘to each subsequent calendar year by use of projected -grade-retention 


rates or grade progression rates,representing the proportion of children 
in a given grade who will advance to the next grade in the course of a 
year. A historical series of grade-retention rates may be developed 

on the basis of survey data or data from administrative records of the 
school system and then projected forward on an annual basis. Projec- 
tions of the new first grade cohorts may be derived from population 
nrojections for the “entering” ages on the basis of the age-grade 
relationships shown in the census. 


Rates and Economically active population 


Economic Activit 


Foonomic activity rates are projected in order to estimate the 
future size and structure of the working population. Projections of 
economically active population are needed to give an indication of the 
mirber and characteristics of the workers who will be available for 
employment in future years SO that. appropriate plans and policies can 
be made. The economic activity rates are projected based on assumptions 
like: 

- trend in the activity rates of the economically active 
a Cetin fox future vate will be an extrapolation of the 
mast trend; b) Current ectivity rates will be maintained in 
future years; C) Activity rates in future years will be the 
sare as those of other more advanced countries or the same as 
current rates in the more developed areas of the country 
concerned; or d) Activity rates will depend on projected 
changes in such factors as the economy's manpower needs, 
echool enrollment, urbanization etc. 
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Any estimate of the size of economically active population based 
on any of the assumptions will become unreliable if the assumption prove 
to be unfounded. Cuite often the activity rates are projected using 
two or more of the assumetions cited above. The choice of method 
depends on the statistics available anc on judgements regarding the 
prospects for economic and social development in’ the country concerned. 
Incountries where non-availability of statistical data makes it impo- 
sible to determine past trends or even, in some cases, to ascertain the 
current situatior, future activity rates are often calculated on the 
basis of examples drawn from other countries which in the past followed 
the same course as the country concerned. If extrapolation method is 
used, future economic activity rates can be computed by linear extra- 
polation of observed trends. This method is the sirmlest and the most 
frequently employed but it is unsatisfactory for a mumber of réasons 
the most important being that it can yield percentages above the maximum 
of 100. A geometric projection has a similar defect if the trend 
being projected is a rising one. Use of logistic curve or other 
curves with an upper limit of 100% will avoid such anomalies. 


Projection of Households 


.. A household is a socio-economic unit consisting. of. individuals 
who live together and make common provision for food and other essentials 
for living. Households usualiy occupy the whole, part of or more than 
one housing unit, but they may also be found in camps, in boarding 
houses or hotels. The head of the household is defined as the person 
who is acknowledged as such by the other household members. Usuauly 
this is the person who bears the chief responsibility for the economic 
maintenance of the houschold. 


Projections of households are required for many uses, particularly 
those which depend on information regarding future numbers of consumer 
units. A principal use of projections of households is in deriving 
projections of housing needs, but they are also needed to anticipate 
pieere for other consumer goods and services required by households as 
a unit... 


Many methods for projecting households have been devised and 
applied by different countries, institutions and individuals. The 
methods used vary widely depending upon the type of data available and 
the needs served by the projections. Amone them are: 


Simple Households-to-Population Ratio Method (Average household Size) 


| Because of insufficient data on houscholds heads, it is not possible 
for developing countries to make an elaborate projection of households 
which take into account the various factors af fecting their future crowth 
and structural changes. In these countries, it is frequently necessary 
to resort to population census data for estimating the future rate of 
growth of households. A crude estimate is obtained by taking the rate 

of growth of total households to be equal to the rate of growth of the 
population or equivalently, by taking the same ratio of the number of 
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households to the total population and aoplying it to the future popu- 
lation projections already prepared, A better estimate of the future 


menber of households may he obtained by applying the ratio between the 
munber of households at the base year and the adult population to the 
projections, since household fomation is usually confined to this 
section of the copulation. In many countries, however, the mumber of 
households May grow. at a considerably different rate from that of the 
tetal or adult population. A growth rate different from that of the 


population ray therefore be used for households. 


Headship Rate Method 


This method employs available ropulation projections by sex and 
age {and sometimes marital status) as its base. The pomlation is 
therefore classified by sex and age and if possible by marital status. 
The projected rnmber of households is obtained by adding up overall 
age grouns the profUet of ronulation and headship rate. | 


The main methodological problem in the headship rate method of 


Projections is how to estimate accurately future levels of headship 
Yates specific for sex and age or for sex, age and marital status. 


Three methods based on some ‘basic assumptions about the future trends 
of the rate which produce easy projections are: 


a) Constant rate method; b) Extranolative method by using 
annual average change of rates in the past or by applying a 
simple Mathematical formula on the basis of past trends; and 

c) Normative approach dravm up according to the country's 
social and economic development programmes. 


14, IMPLICATICN OF POPULATION GROWTH 


14.1 GROWTH RATE, AGE-SEX STRUCTURE AND DENSTTY 


As a result of changes in fertility, mortality and migration rates 
and consequent to age~sex composition differences, populations grow or 
decline at varying rates. The rate of growth of a population is thus 
a determinant and a consequence of future norulation size, structure 
and composition. ; 


| A rapidly growing population imposes pressures on the various aspects 
of an economy and society and in situations where the present position 
is such that some of the basic needs of the population has not been 
fully met, the implication fof the future is Obvious. 


ection of the female population presented in 
thet from a base 3.2% arowth cen Se: ie 

i sed to 3.3% even inspite of an assumption of fallin fertility. 
tee pati lity not decreased, then the growth rate would have been even 
higher, Acain, if mortality fell faster: than the assumed normal pace, 
then also the growth rate would have been higher and vice velsa. The 
age structure which is « determinant of fertility-mortality is also a 
consequence of the interplay of these vital factors. Similar is the case 


of sex composition. 


For example, the pro} 
section 13.2 clearly shows 


ey, 


= GTR oe 
Ace~sex structure 


When mortality falls with no corresponding fall in fertility, the 
rate of growth of the population will accelerate and since mortality 
falls generally more among children than among adults, the growth of the 
child population can be much in excess of the other segments. When 
fertility falls rather rapidly, then the population becomes aged. Thus 
the age structure is determined by the levels, patterns and trends of 
fertility and mortality. On the other hand, the vital varameters them 
selves are determined by the age structure of a population as we have 
noted that the incidence of these vital events vary over the age range. 


The sex composition also is a cause and consequence of the inter- 
play between the vital parameters in addition to the level of the sex 
ratio at birth. For example, one observed phenomenon in circumstances 
of falling mortality is the decline of the sex ratio of the population 
because of the female over male advantage in survival. 


From the projection in section 13.2 we see that the child popula- 
tion in 1985 has grown at 3.8% as against the 3.3% noted for the total 
population and has become 19% of the total population compared with its 
share of only 12.2% in 1989. | 


The implication of varying growth rates of the various age-sex 
segments to the economy and society is well know? 

‘Density 

As the nooulation of an area increases », ©O does the density of 
population. But it may be argued that the present density is not very 
high and hence an increase may not matter much. But what is forgotten 
is that the increase in density may not occtir uniformly and the 


already over crowded areas like towns and cities may be the ones bearing 
the brunt of the increase. : 


In Tanzania acnittedly the density of ponulation in 1978 was low 
and only less than 20 and with a 3.3% growth wetween 1978 and 1985, the 
density would still be only around 25. However, the urban growth of 
more than 10% indicated in section 13.3 clearly brings forward the fact 
that the problem of population distribution may he compounded by the 
_ continuing high growth rate of the nopulation. As a matter of fact, if 
the projections depict the scenario exnected in the short period of 7 
years since 1978, then the rural population will grow only at 1.5% and 
the problem of food production will emerce. - . 


: 14.2 ERUCATION, LABOUR FORCE, AND DEPENDENCY  - 
Interest in population crowth goes beyond aggregate changes in 
total population of a country over time to include changes in magni- 


tudes of. identifiable grouns which carpose that population. This is 
Que to the fact that implications of growth of a country's population 
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manifest themselves in functional or target groups. (le are used to 
dividing the pooulation of a country by Sex and age crouns, The sub- 
division of the population can be done hy single ye2 groups or by 
larger age groups depending on the purpose of analysis and use of the 
population statistics. For exzmmle since the roles of individuals in 
society are nonmally performed accor ind to age, the ronulation can he 
divided anto childrer funder 15 years: of age), adults (15-64 years) and 
Old people aced above °4 years or into ishour force and denendent pon~ 
lation etc. for policy fommuletion and development plannins ournoses it 
28 important to trace and forecast accurately the chances in magnitude 
(absolute ail relative) of the various population groups. Changes in 
each grouy in most cases have different action implications to the state. 


__ Oar interest here is to examine the impact’ of ponulation crowth 
on education, labour force, dependericy ratio: and housing. This involves 
Gealing with particular age groups classified as school 2ce population, 
working age population, dependent population and family formation age etc. 
Population projections provide estimates of the relevant segments. 


Education 
icmication is a very imrortant factor in the socio-economic develop- 


ment <f @ country. It constitutes an essential pre-condition to economic - 
grovth which among other factors depends on human resources. The develop~ 


ment of human resources involves imparting, through education, skills, 
knowledge anc attitudes conductive to economic chance and procress. 


This attribute of education makes it necessary to integrate educational 
programmes into the whole planning process. One of the main objectives 
of develomment and social well-being is to provide the individual an — 
opportunity to develop his potentialites to the highest degree possible. 
With respect to this aim it is believed that there is a certain level 


and content of education which opens the scope of the individual's development. 


se emphasis on the two aims seems to diffe 


Primary Education by 1986, as ono 


The provision of education in Tanzania aims at creating the neces= ° 
sary manpower for economic growth and at providing the individual with 
the tool for the realization of his develomment potential. However, 

: cr with time. At independence, 

; menpower develorment was of prime importance in order to man the vacancies 
left by the derexting colonial servants and for localizat-on purposes. 
he Mzinland’s first long tem: plen hac. self-sufficiency in skilled local 

es. The problem of shortage of 

ci A sy is gt3 i se in the country. However the nature of 
skilled manpower is still intense ir paret fo on 1a 
now being exnerienced and the need 
to economic progress is manifesting 


itself clearly with the passage of time. Due to this change in the nature 


the educati oblemn we have se pri 
“ ee qinating on working for Universal 


tion towards of the plen cil . 
carp ; sed to priority given to the expansion 
of higher education for manpower development purposes. 
Pay ph. 


Primary Kducation 
el 


Pasic education in Tanzania is provided in wrimary schools 
(for the lainland) ond plus 3 years of secondary education for Zanzibar . 
This docs not imply that these are the identified levels of education 
recuired to open the mind of every citizen to the development of 
potential. 


Rasic education is a right to every citizen in order to give zach 
individual an equal opportunity to advance. This fact compelled the state 
to institute measures to ensure basic education for all at the earliest 
time possible. For the Mainland the aim was to attain universal rrimery 
education by 1975. Universal Primary Education means hasic education to 
@éll children who reach primary school age, 7 to 14 years. Persons in 
this ace grour must enrol and follow classes until they complete primary 
school education. In order to develom, maintain, and improve universal 
primary education a ciose monitoring of the growth overtime of the 
school going age population is important, because of. the immlicstions 
Of population crowth for teacher training, school construction and the 
revision of other facilities. The qrowth of the primary school going 
age group between 197€ and 1985 in Tanzenia can he obtained by comparing 
the size of the child population aged 7-14 vears at the two neriods. 


We shall illustrate the idea using the female pomulation of 1972 
and the rrojected ferele population of 1985. Since single year values 
are suisject to errors and any wey the projection gives only figures by 
five year ace grouns; we obtain the population aged 7-14 years by first 
interpolating the population aced 7-9 years from the group aced 5-9 
years by taking 60%(3 out of 5)ages of the value and addéing it to those 
aged 10-14 years. is 


With this approximation, from Table 6 we obtain the fenale nopu- 
lation aged 7-9 years in 1978 as .6(1412285}) = 847371 


847371 + 1934802 = 1882173 


ii 


Thus female nooulation aged 7-14 vears 
Similarly from the projected ficures we obtain 
_ Semaie’ populetion aged 7-9 years = .6{1600998} = 96059° 
and female population aged 7-14 years = 960599 + 132398 = 2284587 
This implies a 3.93 annual growth rate which is much higher than the 
3.3% annual growth rate indicated by the total population. In other 
words, the child population is growinc faster than the total population. 


~ yer 


Since participation rate also is growing, the school vomulation, 
which is a product of two increasinc variables" like population and its 
participetion, will be growing mich faster than 4%. This implics need 
for increased investment, mannower etc. or in other words diverting 
Scarce huren and material resources for present consumption from invest- 
ment needs. | . 


Labour force . 


the growth of the labour force is determined ny the srowth of 
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population in the relevant age groun, the sex composition and the changes 
in narticipation rates. 7 


ee} 


Since par ticipation rates at adult ages do not generally fluctuate 
over time or age range, it is the growth in the size of the relevant 


age group which determines the size and growth of the labour force. 


4 
q 


Assuming that persons aged 15-59 are mostly in the labour force 

we can obtain an idea of the size and growth of the labour force hy.. 

aa the group over time. Yor example, in 1980 there are 4639790 and in 
190) it is . 5423754 i.e an anmal growth rate of 3.1%. This is lower 

than the rate Of growth of the population. In other words, the economi~ 

cally active are not growing as fast as the total population even when 

we take the participation rate same for both periods. If particination 

rate falls due to increased mmbers going Hr education etc. the gap would 
be even wider. 


Dependency 


The child population aged 0-14 years grew from 4289439 in 1980 to 
5592252 in 1985 i.e: with an annual growth rate of 5.3% about double the 
growth rate of the population. The old age vopulation i.e. those aged 
60 and above did not increase much but this may be due to problems in 
adjustment of the age distribution of the base population. 


The dependency ratio ie. ratio of (children aged 0-14 years + old 
persons 60 and above) to those aged 15-59 in 1980 was 1.04 and 1.03 in 
1985 ie. there was an apparent fall. This is due to the slow growth 
shown by the old age population perhaps consequent on errors in adjust- 
ment to the old age segment in the base period. However, the child 
dependency ratio remains high at 92.4% at both periods even inspite of 
the assumed slight fall in fertility in the projections. ..This is due 
to the fall in mortality which affects the child population mich more 
than the other ages. 3 


14.3 HOUSING, FOOD AND HEALTH 


~ Housing 


We have already seen that housing neods are Girectly related to the 
size of the adult population through the headship rate. Thus an increase 
in the size of this segment automatically would imply increased need for 
house construction unless one wishes 2 deterioration in the housing 
standard. 


sanization are other factors influencing housing 
that urbanization is increasing rapidly in the | 
the formation of more nuclear families 


Migration and ur! 

necds and we have seen 
eountry. Another phenomenon 15 ; 
resulting in increased demands for housing. 


, ‘varies with the size and age-sex structure 
The consumption of food. vel ve ize and its structure 
‘on. itus changes in the population size 
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will have repercussions on the. need for food. Again the quality of 

food is another important fact derendent on age structure - children and 
old persons need better quality food as compared with the predominant 
starchy ~- carbohydrate commosition of food consumed by adults. 


Migration and urbanization not only result in depletion of the 
rural population (the food producers), the types and varieties of food 
consumed in towns and cities call for “production of such food items as 
vegetables, fruits and meat instead of bulk food like cassava, maize 
consumed by rural population. 


Also pregant or lactatinc women need more nutritious food and 
a shortage can lead to deterioration of health of mother ana child. 
In a society with hich fertility, the proportion of such women would he 
large. | 


As most of the. lakour in the agriculture sector is carried out 
by manual process and the consummtion needs of mammal work is larger 
than that for sedentary workers, the quantum of food required will be 
larger. 


Health 


The size of a population will determine the health needs only 

partially because it is its ace and sex structure which are important 
factors influencing health needs and services. Children, old persons, 
pregnant and lactating women consume a large share of the available 
health facilities and services. 


The environment, nutrition and the tyne of work also affect health 
status. The spread of disease through migration is well documented. 
Education, spread of knowledge and other channels of communication affect 
health status of a nonulation. 


Thus we note that population size, growth, structure, Peeosition, 
distribution and characteristics (socio-economic) have implications on 
_ the various aspects of life. 


15. USES OF ‘DEMOGRAPHIC DATA Tt? PLANNING AND POLICY FORMULATION 


Stages in the Planning Process 


fo the serious planner or policy-maker, questions will occur which 
can be answered by the statistician. To illustrate this we will first 
consider the planning »rocess. ‘hat is it like? Five states can be dis- 
tinguished. 
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SF ; 
a 
i pPommlaticn of what we want, where we 
Y 
: ' Formulation of how we will reach target/ 
Tt : DESIGN OF THE PLAM | goals: time schedule; which means are 
ee : necded? : 
ee setting: sibtemgees 
es . Examination of trends during a recent 
Tit. } ape Sa ;period of time; is the plan realistic? 
EVALUATION OF SITUA : Ry ‘ acc" 2 
bee Oe _can targets be met within reasonable 
| . time? If noe go back to Ii (adjust design) 
| 
4 
| v 
EV: i 
_ | IMPLEMENTATION OF THE PLAN | Action: go the designed path 
\ i : 
V. ; Y i 
| ‘Were targets/goals reached? 
| PERIODICAL EVALUATION ‘If yess: go on; If no: why not? 
; Does plan need adjustment? 


: If yes: go back to II 
If nos go on 


at stages IV an’! V, questions will occur to the planner which can partly 
be answered by an adequate ‘s pratistical infor sation system. 


“The following list of as which Ss ould be beet aered by planners 


and. politicians can be prepared: 

1) Focd, nutrition, clean water, sanitation; 2) “shelter: 3} Clothing; 
4) Health services; 5) Education; 6) The Social and cultural 
context; and, 7) ~ economic context (inflation, national income, 


balance of payment) « 
ith 
aims now, should be translated into activities wi 
Th gibeared Measurable targets should be set for all aspects 1 to 
° Se 
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7 mentioned above. Only then we will be able to evaluate the success of 
our volicy and the effectiveness of our efforts. 


The Role of Demographic Data 

Policy goals will often be expressed as changes from the current 
level (say, we want an annual growth in food production of 5%). However, 
all planning and policy activities are - oY should be - aimed at people. 
Therefore, we necd to know how many people there are, where they live, 
what their approximate age is etc. 


The same holds for stage V of the planning process (evaluation of 
our efforts). Statistical data on birth, death, food production, consump- 
tion, national incane etc. assure significance only at compared with 
population size. That is why figures are calculated per capita; ner 
1,000; per 100,000. That is why percentages are computed (illiteracy 
- ratio, vaccination coverage ratio’s etc.). Similarly, a growth in food 
production is only real if it is higher than the growth in population. 

In fact, it is estimated for SubSaharan Africa, that since the 1960's, 
thouch absolute food production remained constant or showed minor growth, 
food production per head of the population decreased by 2 per cent each 
year (World Sank Reports quoted in African Business and the Daily Mews) . 
Commonly used - though rouch - inclicators of a country's (a region's) 
level of health care are hospital beds and medical staff per 1,000 
population, although "The number of water taps per 1,000 persons is a 
better indication of health than the number of hospital beds" (Halfdan 
Mahler, Director-General, WHO). Again, levels of housing can be approxi- 
mated by number of persons per house or ner room. In an international 
context or in time perspective, figures on national income only have 
Significance. if calculated per head of the population. 


: raphic Changes: Long Term Effects 
Example 1 oo 


Assume that a decline in fertility is observed. For example, a 
reduction of 2 children during childbearing age (say from 6 children per 
woman to 4). The implications fr the olanning are enormous. There will 
be more food available for the children who are born (10% of children 
below age 5 who die in Zanzibar hospitals die from nutritional deficie- 
ncies as the first cause of death). School classes can be extended at a 
lower rate. Schedules for the education of teachers must be reconsidered. 
The lower number of babies will, after 20 years, result into a lower mumber 
of adults who - with fertility still at its reduced level - will produce 
, even fewer children. ie : “3 | 


Example 2 | | ; | 

Assume that fertility remains unchanged, Fut that infant mortality 
from communicable diseases is reduced. The latter is very probable as an 
Extended Programme on Immunization (EPT) is due to be implemented soon 
(approximately 30% of children below age 5 who die in Zanzibar hospitals 
die due to measles and 3% due to tetanus). Moreover, a big Malaria control 
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| _ aapiion yar be started in the course of this year (16% of causes of 

— i: Bare Se arp Retow age 5). What will be the consequences? An 

Apa in child population and consequent demand on health,education, 

a ! other resources. The future demand for jobs and housine also are 
mo ; 


Example 3 


_ Industrialized countries have seen decreasing fertility and mort- 
ality. This development is applauded and is inevitable. However, pPro- 
blems occur. “he proportion of aged ocoole in these countries is 10 to 
15% now, but is expected to grow to 25% and over by the year 2025. 

_ How to finance the cld age pensions? ‘where to find murses for the old 
— people's homes? 


Bs Prom the above examples it is evident that demographic changes 
_ have their impact on a very long tern. 


ee in making population projections we will have to make educated 
guesses apout many elements. (For example, if we observed reduced fert- 
es ‘ility, will itgo on to decrease? or remain at the reduced level?). In 
_. fany countries, developing and as well developed, population projections 
Must be revised again and again due to changes in vital parameters. 


ioe Planners want to have things under control, it is their job to 
control and adjust. So why not control and adjust population size? 


Planning Demographic Changes 


k In many developed countries the reduction in fertility has come 
- fore or less by itself. Developing countries, faced with sudden and 
“unexpected population growth, while production of food and other goods did 
not keer pace, have in many cases been forced to consider an active _ 


_ family olanning policy. 

| Since nomulation size, structure, growth and distribution have 
implications on the economy and society, plans and programmes should 
_take care of these. | 


% 
se 


